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ABSTRACT
P l a n t i n g  c u t t i n g s  20 in c h es  lo n g  a t  a  d e p th  o f  16 in ch es  in  a 
th o ro u g h ly  c u l t i v a t e d  s o i l  i s  th e  s ta n d a rd  te c h n iq u e  f o r  e s t a b l i s h i n g  
co ttonw ood (Populus d e l t o i d e s  B a r t r . )  p l a n t a t i o n s  in  th e  so u th e rn  
U n ited  S t a t e s .
T h ere  has  been  no p re v io u s  s tu d y  to  d e te rm in e  an optimum p la n t in g  
d e p th  i n  p r o p o r t i o n  to  th e  above-g round  p a r t  o f  a  long  c u t t i n g  fo r  
a c h ie v in g  th e  b e s t  s u r v i v a l  and growth i n  v a r io u s  s o i l s .
F iv e  e x p e r im e n ta l  cottonwood p l a n t a t i o n s  w ere  e s t a b l i s h e d  d u r in g  
th e  1961-1968 p e r io d  i n  th e  M i s s i s s i p p i  R iv e r  b o tto m lan d s  i n  s o u th e rn  
L o u is ia n a  f o r  e v a l u a t i o n  o f  v a r io u s  methods o f  p l a n t i n g  cottonwood 
c u t t i n g s  i n  com parison  w i th  th e  s ta n d a rd  m ethod.
The e f f e c t s  on f i r s t - y e a r  s u r v i v a l  and grow th o f  20 com bina tions  
o f  f i v e  p l a n t i n g  d e p th s  (1 .3  t o  5 .0  f t )  and f o u r  l e n g th s  o f  c u t t i n g  
above th e  ground (0 .3  t o  5 .0  f t )  w ere  t e s t e d  i n  u n d is tu rb e d  s o i l  
d u r in g  7 y e a r s .  The e f f e c t s  o f  p l a n t i n g  d e p th  (1 .3  and 3 .0  f t ) ,  
l e n g th  o f  c u t t i n g  above  th e  ground ( 0 .3 ,  2 . 0 ,  and 3 .6  f t ) ,  d ia m e te r  o f  
p l a n t i n g  h o le  (1 ,  9 ,  14, and 18 i n . ) ,  and f e r t i l i z e r  (P and P+N) were 
t e s t e d  on f i r s t - y e a r  s u r v i v a l  and growth i n  u n d i s t r u b e d  s o i l  and i n  th e '  
s o i l  mixed in  h o l e s ;  some o f  t h e s e  t r e a tm e n ts  w ere  t e s t e d  in  combina­
t i o n  w i th  b ed d in g  th e  s u r f a c e  s o i l  and w i th  m ulch . The e f f e c t s  o f  
c lo n e  and c u t t i n g  d ia m e te r  were  a l s o  t e s t e d .
S u r v iv a l  depended on th e  c o m b in a tio n s  o f  t h e s e  t r e a tm e n ts  and on
xiii
t h e  r a t i o  (R^) o f  a v a i l a b l e  m o is tu r e  t o  l a r g e  p o re  sp ace  i n  t h e  s o i l  
p r o f i l e  o f  p l a n t i n g  d e p th .  S u r v iv a l  i n  u n d i s tu r b e d  s o i l  was b e s t  a t  
Rp = 7 . 5 .  S u r v iv a l  i n  s o i l  mixed i n  th e  p l a n t i n g  h o le  in c r e a s e d  w ith  
p l a n t i n g  d e p th ,  l e n g th  o f  c u t t i n g  above th e  g ro u n d , and d ia m e te r  o f  
h o l e .  S u r v iv a l  was a d d i t i o n a l l y  im proved by bed d in g  th e  s u r f a c e  s o i l  
and by m ulching  w i th  lam in a ted  K r a f t - p a p e r  p a d s .
The a n n u a l  v a r i a t i o n  i n  f i r s t - y e a r  s u r v i v a l  o f  cottonw ood p la n te d  
by i d e n t i c a l  methods was d i r e c t l y  r e l a t e d  to  s e a s o n a l  p r e c i p i t a t i o n  
a d ju s t e d  f o r  e v a p o t r a n s p i r a t i o n .  I n c id e n c e  o f  l e a f  b e e t l e s  and compe­
t i t i o n  from  v in e s  c o n s id e r a b ly  d e c r e a s e d  f i r s t - y e a r  s u r v i v a l .
T ree  growth i n  u n d i s tu r b e d  s o i l  depended on th e  same f a c t o r s  as  
s u r v i v a l  and on n u t r i t i o n a l  s o i l  p r o p e r t i e s ,  e . g .  a s  e x p re s se d  by th e  
r a t i o  (R-e ) o f  p o ta ss iu m  t o  c a lc iu m  i n  t h e  s o i l  p r o f i l e  o f  p l a n t i n g  
d e p th .  The b e s t  t r e e  growth was o b ta in e d  from  lo n g  c u t t i n g s  p l a n t e d  i n  
th e  s o i l  w i th  o p t im a l  R^ (5 t o  9) and R^ (0 .0 3  to  0 ,0 5 ) .  The optimum 
pH i n  such s o i l  v a r i e d  from  7 .4 3  t o  7 .6 7 .  Growth i n  h e i g h t  depended 
on d i f f e r e n t  s o i l  c o n d i t io n s  from  grow th i n  d ia m e te r .
The v a r i a t i o n  i n  t r e e  h e i g h t  a t  d i f f e r e n t  ages  depended on t r e e  
age  and l e n g th  o f  l i v e  c u t t i n g  above t h e  g ro u n d . The e a r l i e s t  d a t a  f o r  
p r o j e c t i n g  7 -y e a r  t r e e  h e i g h t  and d ia m e te r  w ere  2 -y e a r  h e ig h t  
and d ia m e te r  m easurem ents.
P l a n t i n g  long c u t t i n g s  a t  a  d e p th  a d j u s t e d  f o r  t h e  s o i l  t e x t u r e  
(Rp) e x ten d ed  th e  ran g e  o f  s a t i s f a c t o r y  c o n d i t i o n s  t o  s i t e s  w hich were 
c o n s id e re d  u n p ro d u c t iv e  f o r  p l a n t i n g  co ttonw ood by th e  s ta n d a r d  method.
F i r s t - y e a r  growth was s i g n i f i c a n t l y  improved by p l a n t i n g  lo n g  
c u t t i n g s  i n  s o i l  mixed i n  h o l e s .  The improvement was p r o p o r t i o n a l
xiv
t o  t h e  volume of mixed s o i l .  An a d d i t i o n a l  i n c r e a s e  i n  f i r s t - y e a r  
h e ig h t  grow th was o b ta in e d  from bedd ing  th e  S u r fa c e  s o i l .
F i r s t - y e a r  g row th  depended on d ia m e te r  and v i t a l i t y  o f  c u t t i n g  
and was d i r e c t l y  r e l a t e d  t o  s u r v i v a l  by t r e a tm e n t  r e g a r d l e s s  o f  s i t e .
Root system s o f  t r e e s  p l a n t e d . 3 f e e t  d e e p ,  e s p e c i a l l y  i n  s o i l  mixed 
i n  h o le s ,  were more a b u n d a n t ly  d eve loped  th a n  r o o t  sy stem s o f  t r e e s  
p la n te d  by th e  s ta n d a rd  method i n  u n d i s tu r b e d  s o i l .
I t  was concluded  t h a t  th e  s ta n d a rd  method o f  p l a n t i n g  shou ld  n o t  
be c o n s id e re d  a s  th e  u n i v e r s a l  method f o r  e s t a b l i s h i n g  cottonwood 
p l a n t a t i o n s .
Recommendations were made f o r  s e l e c t i o n  o f  co ttonw ood s i t e s  and 
a p p r o p r i a t e  p l a n t i n g  m ethods.
XV
INTRODUCTION
S i l v i c u l t u r a l  and Economic Im portance, o f  Cottonwood 
There  a r e  more th a n  100 s p e c i e s  o f  p o p la r  (Populus L .)  in  
th e  w o r ld ,  many o f  w hich can  be u sed  to  m eet th e  i n c r e a s i n g  demand 
on f o r e s t  r e s o u r c e s .  I n  th e  U n ite d  S t a t e s ,  s i x  o f  th e  n in e  n a t i v e  
p o p la r s  a r e  im p o r tan t  i n  f o r e s t r y .  I n  p a r t i c u l a r ,  th e  e a s t e r n  c o t t o n ­
wood (Populus d e l t o i d e s  B a r t r . )  p o s s e s s e s  h ig h  econom ical and s i l v i ­
c u l t u r a l  m e r i t s ,  such as  wood c h a r a c t e r i s t i c s  s u i t a b l e  f o r  many 
i n d u s t r i a l  u s e s ,  wide ra n g e  o f  n a t u r a l  d i s t r i b u t i o n  (F ig u re  1 ) ,  f a s t  
grow th r a t e s ,  e a se  o f v e g e t a t i v e  p r o p a g a t io n ,  g e n e t i c  v a r i a b i l i t y ,  
and e a se  o f  n a t u r a l  and induced  h y b r i d i z a t i o n .  F o r  many y e a r s  
cottonwood has  been an im p o r ta n t  s o u rc e  o f  b a s i c  raw. m a t e r i a l  f o r  
m a n u fa c tu r in g  b o x es ,  t u b s ,  b a s k e t s ,  s h i n g l e s ,  e x c e l s i o r ,  cooperage  
s t o c k ,  f u r n i t u r e ,  w a l l - p a n e l i n g ,  v e n e e r  f o r  m atch boxes and s t i c k s ,  
and plywood c o r e s .
The bo ttom land  f o r e s t s  i n  th e  low er M i s s i s s i p p i  V a l le y  i n  th e  
s t a t e s  o f  A rk a n sa s ,  M is s o u r i ,  L o u i s ia n a  and M i s s i s s i p p i  have been  
th e  m ajor s o u rc e  o f  cottonw ood lumber s i n c e  th e  b e g in n in g  o f  t h i s  
c e n tu r y .  I n  1900, th e s e  fo u r  s t a t e s  s u p p l i e d  68 .7  p e r c e n t  o f  th e  415 
m i l l i o n  bd . f t  o f  cottonw ood lumber p ro d u ced  i n  t h e  U n ite d  S t a t e s .
About 25 y e a r s  ago th e  p a p e r  i n d u s t r y  found an im p o r ta n t  u s e  f o r  
co ttonw ood. I t  i s  an i d e a l  m a t e r i a l  f o r  p a p e r  p ro d u c t io n  b ecau se  o f  
i t s  s o f t  t e x t u r e  which r e q u i r e s  l e s s  power f o r  g r i n d i n g ,  i t s  w h i te n e s s
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F ig u re  1 . Range o f  e a s t e r n  cottonwood (Populus d e l t o i d e s  B a r t r . ) .
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w hich  needs  a lm o s t  no b l e a c h in g ,  and i t s  l i g h t n e s s  i n  w e ig h t  r e s u l t i n g  
i n  p a p e r  s h e e t s  o f  25 p e r c e n t  l e s s  w e ig h t  a s  compared t o  th o s e  produced 
from th e  p u lp  o f  c o n i f e r s .  C o n se q u e n t ly ,  s a v in g s  a r e  a t t a i n e d  i n  th e  
p r o c e s s in g  and s h ip p in g  c o s t s .  The u s e  o f  c o n v e n t io n a l  groundwood o f 
co ttonw ood as  a  f i l l e r  to  th e  c o n i f e r o u s  p u lp  im proves s i g n i f i c a n t l y  
t h e  u n i f o r m i t y ,  th e  c o m p r e s s i b i l i t y ,  t h e  e l a s t i c i t y ,  and a l s o  th e  
p r i n t a b i l i t y  c h a r a c t e r i s t i c s  o f  p ap e r  such  a s  sm o o th n ess ,  p o r o s i t y  to  
i n k ,  b r i g h t n e s s  and o p a c i t y ,  w hich a r e  e s s e n t i a l  f o r  t h e  s h a rp n e s s  o f  
p r i n t ,  i l l u s t r a t i o n ,  and c o l o r  (Swartz 1960).
The developm ent o f  a  te c h n iq u e  f o r  p ro d u c in g  p a p e r  from  a 50-50 
m ix tu r e  o f  c o n i f e r o u s  and cottonw ood f i b e r s  has  r e s u l t e d  i n  re m a rk a b le  
im provem ents i n  th e  s t r e n g t h ,  t e a r  and b u r s t  c h a r a c t e r i s t i c s  o f  th e  
p a p e r  s h e e t ,  a l lo w in g  i t  to  ru n  th ro u g h  h ig h - s p e e d  p r e s s e s  w i th o u t  
web b r e a k s .  T h is  developm ent has  made cottonwood a  m ost im p o r ta n t  
s o u rc e  o f  raw m a t e r i a l  f o r  t h e  p ro d u c t io n  o f  p a p e r .
I n  r e c e n t  y e a r s ,  t h e r e  h a s  been  a  d e c r e a s e  i n  th e  p r o d u c t io n  o f  
co ttonw ood  lum ber, accompanied by a  marked i n c r e a s e  i n  t h e  u t i l i z a t i o n  
. o f  t h e  s p e c i e s  f o r  pulpwood (Van S i c k l e  and S t e r n i t z k e  196 4 ),  and t h i s  
t r e n d  i s  e x p ec te d  to  c o n t in u e .
W h ile  t h e  demand f o r  cottonw ood f i b e r  h a s  i n c r e a s e d ,  t h e  growing 
s t o c k  h as  d e c r e a s e d  a t  a  r a t h e r  a la rm in g  r a t e  due t o  th e  c o n v e r s io n  o f  
f o r e s t s  t o  a g r i c u l t u r a l  la n d .  I n  th e  m id - 1 9 3 0 's ,  1 1 .8  m i l l i o n  a c r e s  
o f  la n d  i n  th e  D e l t a  were  c l a s s i f i e d  a s  f o r e s t ,  b u t  by 1970, 3 .7  m i l l i o n  
a c r e s  o f  t h i s  had b een  c o n v e r te d  to  a g r i c u l t u r a l  and o th e r  u sag e  
( S t e r n i t z k e  and C h r i s to p h e r  197 0 ).  These a u th o r s  a l s o  a n t i c i p a t e  t h a t
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t h e  re m a in in g  8 m i l l i o n  a c r e s  o f  f o r e s t  w i l l  be s u b j e c t  t o  a f u r t h e r  
r e d u c t i o n .  However, H a r r i s o n  (3961) e s t im a te d  t h a t  t h e  a c r e a g e  w i l l  
n o t  d rop  below 5 m i l l i o n .
The b e s t  b o tto m lan d  f o r e s t  s i t e s  have been  th e  c h o ic e  f o r  c l e a r ­
in g  and c o n v e r s io n  t o  lo n g - te rm  h ig h ly  p r o d u c t iv e  f a r m la n d s . Conse­
q u e n t ly ,  a s  t h e  a c re a g e  o f  good s i t e s  and t h e i r  q u a l i t y  d e c l i n e  i n  th e  
S o u th ,  so  does  th e  y i e l d  o f  co ttonw ood,
A l l  su ch  c i rc u m s ta n c e s  d i c t a t e  t h a t  a n  in c r e a s e  i n  t h e  p r o d u c t io n  
o f  co ttonw ood on th e  a v a i l a b l e  s i t e s  i n  t h e  South  can  o n ly  be a c h ie v e d  
by a w id e sp rea d  a p p l i c a t i o n  o f  i n t e n s i v e  cottonw ood c u l t u r e  u s in g  
g e n e t i c a l l y  improved p l a n t i n g  s to c k s .
P l a n t in g  T echn iques  and T h e i r  Economics 
The r e s e a r c h  work p e r t i n e n t  t o  cottonw ood c u l t u r e  which was done 
p r i o r  t o  1960 can  be d iv id e d  i n t o  t h r e e  b road  c a t e g o r i e s :  ( 1 ) s i l v i c s ,
management, and th e  s t u d i e s  o f  s i t e - s p e c i e s  r e l a t i o n s h i p s  and  grow th  
and y i e l d  o f  n a t u r a l  s t a n d s ,  (2 ) s i t e  p r e p a r a t i o n ,  p l a n t i n g  s t o c k ,  
r o o t i n g  c u t t i n g s ,  p l a n t i n g  te c h n iq u e ,  s u r v i v a l  and e a r l y  g row th  and 
( 3 ) t e n d in g  and p r o t e c t i o n  o f  p l a n t a t i o n s  (w eeding , f e r t i l i z i n g ,  p ru n in g ,  
and p e s t s  and d i s e a s e s ) .  The r e s u l t s  o f  ab o u t 30 works i n  c a te g o r y  (2 ) 
w ere  p u b l i s h e d  d u r in g  t h a t  p e r io d  o f  t im e .
M a is e n h e ld e r  (1960) summarized th e  r e s u l t s  o f  18 y e a r s  o f  
r e s e a r c h  w i t h  cottonw ood c u l t u r e  a t  S t o n e v i l l e ,  M i s s i s s i p p i ,  and 
u p d a te d  a l l  a t t a in m e n t s  i n  t h i s  f i e l d .  P l a n t in g  2 0 - in c h - lo n g  c u t t i n g s  
16 in c h e s  deep i n  w e l l - c u l t i v a t e d  bo tto m lan d  s o i l  was g e n e r a l l y  
a c c e p te d  a s  t h e  s ta n d a rd  method f o r  e s t a b l i s h i n g  co ttonw ood p l a n t a t i o n s
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i n  t h e  S o u th .  Loamy s o i l  was c o n s id e re d  t o  be th e  b e s t  f o r  co ttonw ood. 
However, p l a n t i n g  cottonwood on a com m ercial s c a l e  was j u s t  b e g in n in g  
i n  th e  S o u th .  The com m ercial p l a n t a t i o n s  t o t a l e d  o n ly  1809 a c r e s  by 
th e  end o f  1961. The l a r g e  i n d u s t r i e s  were th e  f i r s t  t o  b e g in  c o t t o n ­
wood r e g e n e r a t i o n  programs (P o p la r  C o u n c i l  1968).
The s ta n d a r d  method f o r  e s t a b l i s h i n g  cottonwood p l a n t a t i o n s  
r e q u i r e s  v e r y  l a b o r io u s  and e x p e n s iv e  s i t e - p r e p a r i n g  o p e r a t i o n s .  A 
com ple te  c l e a r i n g ,  w indrow ing , and s l a s h  b u rn in g  must be done on c u t ­
o v e r  f o r e s t  l a n d s ;  a c r o s s - s u b s o i l i n g  i s  n e c e s s a r y  t o  e a se  p lacem en t 
o f  c u t t i n g s  i n  th e  ground and t o  f a c i l i t a t e  th e  i n f i l t r a t i o n  o f  p r e c i p i ­
t a t i o n  i n  compact s o i l s ;  and a c o s t l y  weeding i s  i n d i s p e n s a b l e .  O f te n ,  
a p l a n t a t i o n  needs  t h r e e  c u l t i v a t i o n s  d u r in g  i t s  f i r s t  s e a s o n .  These 
o p e r a t i o n s  r e q u i r e  heavy eq u ip m e n t , w hich  may be a v a i l a b l e  o n ly  t o  
l a r g e  com panies . Sm all f a r m e r s ,  who g e n e r a l l y  l a c k  heavy eq u ip m en t,  
have li .m ited  o p p o r t u n i t i e s  t o  p l a n t  cottonw ood f o r  p r o f i t  by u s in g  th e  
c o n v e n t io n a l  m ethods . However, s in c e  35 p e r c e n t  o f  th e  com m ercial 
f o r e s t  land  i n  th e  M i s s i s s i p p i  D e l ta  i s  i n  sm a ll  fa rm s ,  fa rm e rs  can  
p la y  an im p o r ta n t  r o l e  i n  a cottonw ood program , i f  a s u i t a b l e  method 
f o r  p l a n t i n g  i s  d e v e lo p e d .
The s u c c e s s  o f  cottonw ood p l a n t a t i o n s  depends t o  a g r e a t  e x t e n t  
upon s o i l  c h a r a c t e r i s t i c s  and even  more upon th e  y e a r l y  and s e a s o n a l  
r a i n f a l l  d i s t r i b u t i o n .  The s u r v i v a l  and grow th  o f  cottonwood p l a n t a ­
t i o n s  have v a r i e d  from e x c e l l e n t  t o  com ple te  f a i l u r e .  The c o s t s  o f  
e s t a b l i s h i n g  a cottonw ood p l a n t a t i o n  i n  th e  l a t e  1 9 5 0 's  were $43 .80  p e r  
a c r e  (Moore 195 8 ).  While t h e . a n t i c i p a t e d  y i e l d  av erag ed  ab o u t 2 .2
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c o rd s  a t  t h a t  t im e  (King 1962, Capel and Coffman 1966, H enderson  1968), 
l a t e r  i t  d id  n o t  exceed  3 .8  co rd s  p e r  a c r e  p e r  y e a r  on good s i t e s  
(McKnight 1970). The stumpage p r i c e  f o r  hardwood pulpwood, co ttonw ood 
in c lu d e d ,  was to o  low ($2 p e r  c o r d ) .  C o n seq u en tly ,  th e  in v e s tm e n t  i n  
cottonw ood p l a n t a t i o n s  d id  n o t  s e c u re  an e a r l y  and s a t i s f a c t o r y  r e t u r n .
A lthough  th e  u se  o f  p l a n t i n g  s to c k  from newly s e l e c t e d  S t o n e v i l l e  
c lo n e s  o f f e r s  a y i e l d  in c r e a s e  t o  ab o u t 5 co rd s  p e r  a c r e  p e r  y e a r  i n  a 
2 0 - y e a r - r o t a t i o n  on good s i t e s  (So. F o r e s t  Exp. S ta .  1 9 7 0 ) , . th e  
econom ics o f  cottonw ood p l a n t a t i o n s  have r e c e n t l y  changed f o r  th e  w o rse ,  
b ecau se  th e  c o s t s  o f  e s t a b l i s h i n g  a p l a n t a t i o n  have r i s e n  t o  $108 .00  
p e r  a c r e  (McKnight 1970). M eanw hile , t h e  cottonwood pulpwood stumpage 
p r i c e  has rem ained  th e  same ($2 p e r  c o rd )  a s  i t  was 10 y e a r s  a g o .
A l l  t h i s  le a d s  t o  th e  c o n c lu s io n  t h a t  th e  w id e sp rea d  i n t e r e s t  i n  
p l a n t i n g  cottonw ood has  d e c l in e d  because  o f  i t s  poo r econom ics . How­
e v e r ,  t h e  econom ics o f  cottonwood p l a n t a t i o n s  may be improved e i t h e r  
by an  in c r e a s e  i n  y i e l d  th ro u g h  b e t t e r  u t i l i z a t i o n  o f  t h e  p ro d u c t iv e  
c a p a c i t y  o f  s o i l ,  a p p r o p r i a t e  s o i l  c o n d i t i o n in g ,  and a p r o p e r ly  
s e l e c t e d  p l a n t i n g  s to c k ;  o r  by an  in c r e a s e d  stumpage p r i c e  f o r  pu lpw ood ; 
o r  p ro b a b ly  by b o th .  O th e rw ise ,  an  e a r l y  and s a t i s f a c t o r y  r e t u r n  from 
cottonw ood p l a n t a t i o n s  c an n o t be a t t a i n e d ;  t h e r e f o r e ,  co ttonw ood 
p l a n t i n g  may rem ain  an  e x c lu s iv e  e n t e r p r i s e  o f  th e  c o t to n w o o d -u s in g  
i n d u s t r y .  The h ig h  r e t u r n s  from soybean c ro p s  s t r e n g t h e n  such  a s t a t u s .
I t a l y  i s  a n  e x c e l l e n t  example o f  h ig h  e f f i c i e n c y  i n  i n t e n s i v e  
p o p la r  c u l t u r e .  The n a t io n -w id e  I t a l i a n  i n t e r e s t  i n  p l a n t i n g  p o p la r s  
on a  com m ercial s c a l e  d a t e s  t o  th e  b e g in n in g  o f  th e  1 9 th  c e n tu r y .
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B efo re  1955 t h e r e  had been  89 ,000 a c r e s  p l a n t e d ,  b u t  by 1961 th e  t o t a l  
a r e a  o f  p o p la r  p l a n t a t i o n s  had re a ch e d  385,000 a c r e s .  Pulpwood p ro d u c-  
t i o n  o f  8 co rd s  p e r  a c r e  p e r  y e a r  on a  12- y e a r  r o t a t i o n  i s  an  a v e ra g e  
y i e l d  on th e  a l l u v i a l  s o i l s  o f  th e  P o 1 R iv e r  V a l le y  (P re v o s to  196 5 ).
The E x p e r im e n ta l  I n s t i t u t e  f o r  P o p la r  C u l tu r e  ( I s t i t u t o  d i  
S p e r im e n ta z io n e  p e r  l a  P i o p p i c o l t u r a ) , e s t a b l i s h e d  i n  1937 a t  C a sa le  
M o n fe r r a to ,  Lombardy, h a s  c o n t r i b u te d  a g r e a t  d e a l  t o  t h e  s u c c e s s .
The p o p l a r ,  Populus  x  e u ra m er ica n a  (Dode) G u in ie r  c v .  ’I - 2 1 4 ' ,  w hich 
was s e l e c t e d  by th e  I n s t i t u t e ,  h a s  been  u sed  f o r  many y e a r s  t o  e s t a b ­
l i s h  com m ercial p l a n t a t i o n s .
F o r  many y e a r s  p r i o r  to  1960, and even a t  t h e  p r e s e n t  t im e ,  th e  
I t a l i a n s  hav e  e s t a b l i s h e d  com m ercial p o p la r  p l a n t a t i o n s  by p l a n t i n g  
p o p la r  t r e e s  w i th  2 - y e a r - o ld  s tem s and 3 - y e a r - o ld  r o o t  sy s tem s  i n  10- 
in c h - d ia m e te r  and 3 - f o o t - d e e p  p l a n t i n g  h o le s  d r i l l e d  w i th  a  t r a c t o r -  
mounted s o i l  a u g e r .  Only h e a l t h y  t r e e s  w i th  s t r a i g h t  s tem s and no 
i n j u r i e s  a r e  p l a n t e d ;  a l l  c ro o k e d ,  c u rv e d ,  and d i s e a s e d  p l a n t s  a r e  d i s ­
c a r d e d .  A f t e r  l i f t i n g ,  t h e  r o o t s  a r e  sh o r te n e d  and th e  s tem s p ru n e d .
Deep p l a n t i n g  i s  c o n s id e re d  to  be e s s e n t i a l  f o r  th e  f a s t  g row th  and 
s u p p o r t  o f  l a r g e  p l a n t i n g  s to c k .  A r i g i d  s e l e c t i o n  o f  p l a n t i n g  s to c k  
has  b een  found to  be i n d i s p e n s a b le  f o r  homogenous grow th  o f  t r e e s  and f o r  
t h e  p r o d u c t io n  o f  h ig h  q u a l i t y  t im b e r  (Boyce 196 3 ).  The p l a n t i n g  h o le s  
a r e  d r i l l e d  m anually  in  deep sandy  s o i l ,  o f t e n  t o  a  d e p th  o f  15 f e e t ,  
u s in g  a  . 4 - i n c h - d i a m e te r  s p i r a l  s o i l  a u g e r .  A f t e r  t e n  y e a r s ,  t r e e s  
p l a n t e d  by t h i s  method rea ch e d  a  m e rc h an ta b le  h e i g h t  o f  50 f e e t  w i th  4 -  
in c h  d ia m e te r  a t  th e  top  o f  th e  t r u n k  and 15 in c h e s  a t  b r e a s t  h e i g h t  
(May 1 9 5 9 ) .
P l a n t i n g  long  c u t t i n g s  ( s e t s )  o f  p o p la r  and w il lo w  was p r a c t i c e d  
i n  t h e  Roman Empire ( S e i d e n s t i c k e r  1886) and l a t e r  i n  I t a l y ;  t h i s  
t e c h n iq u e  was a l s o  used  i n  Germany, A u s t r i a ,  F ra n c e ,  and t h e  N e th e r la n d s  
f o r  a f f o r e s t a t i o n  o f  f lo o d  p l a i n s  (Zycha e t  a l .  1959).
O b je c t iv e s  o f  th e  S tudy and H y po thes is
i.
No a n a l y t i c a l  s tu d y  has  been  made, e i t h e r  w i th  p o p la r s  i n  Europe 
o r  w i th  cottonw ood i n  th e  U n ite d  S t a t e s , t o  d e te rm in e  th e  m ost f a v o r ­
a b l e  p l a n t i n g  d e p th  i n  p r o p o r t io n  t o  t h e  above-g round  p a r t  o f  a long 
c u t t i n g  to  a c h ie v e  th e  b e s t  t r e e  growth in  v a r io u s  s o i l s .
A com parison  o f  th e  y i e l d s  a t t a i n e d  i n  p o p la r  p l a n t a t i o n s  i n  I t a l y  
w i t h  th e  y i e l d s  o f  cottonwood p l a n t a t i o n s  i n  th e  s o u th e r n  U n i te d  
S t a t e s  m o t iv a te d  t h e  a u th o r  to  t r y  th e  deep p l a n t i n g  method w i th  c o t t o n ­
wood c u t t i n g s  i n  t h e  bo ttom land  s o i l s  i n  L o u is ia n a .  The o b j e c t i v e  o f 
t h e  s tu d y  was t o  e v a lu a t e  th e  e f f e c t s  o f  th e  deep p l a n t i n g  m ethod on 
e a s t e r n  cottonw ood c u t t i n g s  p la n te d  i n  th e  a l l u v i a l  s o i l s  o f  t h e  Lower 
M i s s i s s i p p i  V a l le y  i n  s o u th e r n  L o u is ia n a  i n  an  a t te m p t  to  d e v e lo p  a  
t e c h n iq u e  f o r  cottonw ood p l a n t i n g  w hich does n o t  r e q u i r e  e x p e n s iv e  • 
s i t e  p r e p a r a t i o n ,  and w hich  a t  t h e  same tim e  w i l l  g u a ra n te e  a  h ig h  
y i e l d  o f  t im b e r .
A p r e l im in a r y  t r i a l  o f  deep p l a n t i n g  cottonwood c u t t i n g s  was made 
i n  1960 w i th  e n co u rag in g  r e s u l t s  (K aszkurewicz 1964). As a  co n seq u en ce ,  
a  p r o j e c t  t i t l e d  "Deep p l a n t i n g  o f  cottonw ood" was i n i t i a t e d  i n  1961. A 
s e r i e s  o f  e x p e r im e n ta l  co ttonw ood p l a n t a t i o n s  was e s t a b l i s h e d  i n  th e  
M i s s i s s i p p i  R iv e r  b o t to m lan d s  i n  th e  v i c i n i t y  o f  S t .  F r a n c i s v i l l e ,  
L o u i s i a n a ,  d u r in g  th e  p e r io d  1961 th ro u g h  1964. T h is  s tu d y  i s  a phase
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o f  r e s e a r c h  p r o j e c t  1055 o f  t h e  L o u is ia n a  A g r i c u l t u r a l  E xperim en t 
S t a t i o n .
The h y p o th e s i s  t h a t  th e  e f f e c t s  o f  d i f f e r e n t  c u t t i n g  s i z e s ,  d i f ­
f e r e n t  p l a n t i n g  m ethods, d i f f e r e n t  s i l v i c u l t u r a l  t r e a t m e n t s ,  and d i f ­
f e r e n t  s o i l  p r o p e r t i e s  a r e  r e f l e c t e d  i n  th e  s u r v i v a l  and i n  th e  
su b se q u e n t  growth o f  t r e e s  was i n v e s t i g a t e d .  The r e s u l t s  o f  th e  
s t u d i e s  made on th e  growth o f  cottonwood t r e e s  p l a n t e d  a s  c u t t i n g s  o f  
v a r io u s  le n g th s  by d i f f e r e n t  methods and i n  d i f f e r e n t  s o i l s  a r e  
p r e s e n t e d .  A method f o r  d e te rm in in g  th e  p r o d u c t iv e  c a p a c i t y  o f  s i t e  
w hich  i s  r e l a t e d  to  p r o p e r t i e s  o f  s o i l  i s  a l s o  p r e s e n t e d .
The in f o r m a t io n  o b ta in e d  as th e  r e s u l t  o f  t h i s  s tu d y  w i l l  e x p la in  
some o f  th e  f a c t o r s  w hich w ere  n o t  c o n s id e re d  p r e v i o u s l y  b u t  have  d e c i ­
s i v e  e f f e c t s  on th e  sh ap in g  and th e  growth r a t e  o f  co ttonw ood  t r e e s  i n  
a  p l a n t a t i o n ,  th u s  a f f e c t i n g  th e  q u a l i t y  and th e  y i e l d  o f  t im b e r .
I t  i s  hoped t h a t  th e  r e s u l t s  o f  t h i s  s tu d y  w i l l  f in d  p r a c t i c a l  
a p p l i c a t i o n s  b e n e f i c i a l  to  cottonwood grow ers a n d ,  a t  th e  same t im e ,  
s t i m u l a t e  a  w id esp read  cottonw ood c u l t u r e .  I t  i s  a l s o  hoped t h a t  t h i s  
s tu d y  w i l l  g e n e r a te  an im p u lse  tow ards  new s t u d i e s  among r e s e a r c h  f o r ­
e s t e r s  f o r  s o lv in g  th e  s t i l l  numerous v i t a l  p rob lem s i n  p o p la r  c u l t u r e .
D e f i n i t i o n  o f  Terms and Symbols
The d e f i n i t i o n  o f  a l l  t e c h n i c a l  f o r e s t r y  te rm s u sed  i n  t h i s  d i s s e r ­
t a t i o n  a r e  g iv e n  i n  T erm inology o f  F o r e s t  S c ie n c e ,  T ech n o lo g y ,
P r a c t i c e ,  and P ro d u c ts  (F o rd -R o b e r tso n  1 9 7 1 ) .  The f o l l o w in g  two s e c t i o n s  
g iv e  t h e  d e f i n i t i o n s  o f  s o i l  and g e n e t i c  te rm s .
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S o i l  Terms
Bulk d e n s i t y  (BD) -  R a t io  o f  th e  w e ig h t  o f  o v e n -d ry  s o i l  t o  the  
volume i t  occupied  i n  t h e  f i e l d ,  e x p re s s e d  a s  grams p e r  
c u b ic  c e n t im e te r ;  a l s o  a p p a r e n t  s p e c i f i c  g r a v i t y  o f  s o i l  
(Baver 1959).
T o t a l  po re  volume (TP) o r  s o i l  p o r o s i t y  -  p e r c e n ta g e  o f th e  s o i l -  
co re  volume which i s  n o t  o ccu p ied  by s o l i d  s o i l  p a r t i c l e s .  
T o ta l  pore  volume i s  c a l c u l a t e d  i n  p e r c e n t  from b u lk  
d e n s i t y  and ( r e a l )  s p e c i f i c  g r a v i t y  o f  s o i l  p a r t i c l e s  
(2 .62  g p e r  cm^) f o r  s o i l s  w i th  l e s s  th a n  10 p e r c e n t  
o rg a n ic  m a t t e r .
TP =
Large  p o re s  (BP) -  R e a d i ly  d r a in e d  p o re s  w hich a r e  f i l l e d  w i th  
a i r ,  i f  th e  s o i l  i s  n o t  w a te r lo g g e d ,  and a r e  r e s p o n s ib l e  
f o r  th e  a i r  c a p a c i ty  and r e a d y  p e r c o l a t i o n  o f  w a te r  
th ro u g h  th e  s o i l .  The volume o f  t h e s e  p o re s  i s  o b ta in e d  
by s u b t r a c t i n g  th e  60-cm w a t e r - t e n s i o n  v a lu e  from th e  
t o t a l  po re  volume o f  a  s o i l  c o r e .
C a p i l l a r y  p o re s  (CP) - The s m a l l  p o re s  t h a t  h o ld  w a te r  by 
c a p i l l a r i t y .  They a r e  r e s p o n s i b l e  f o r  f i e l d  c a p a c i t y .
T h e i r  volume (CP) i s  c a l c u l a t e d  by s u b t r a c t i n g  t h e  (BP) 
from (T P ) .
F i e l d  c a p a c i ty  (FC) -  F i e l d  m o is tu r e  c o n te n t  o f  w e l l - d r a i n e d  s o i l s  
a p p ro x im a te ly  two days  a f t e r  s a t u r a t i o n .  M o is tu re  c o n te n t  
i n  s o i l  h e ld  i n  e q u i l i b r i u m  a t  a  t e n s i o n  o f  1 /3  a tm o sp h ere .
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W a te r -h o ld in g  c a p a c i ty  (WC) -  M o is tu re  c o n te n t  o f  a  s o i l  c o re  o r  
d i s tu r b e d  column o f  s o i l  a f t e r  i t  has  d ra in e d  fo l lo w in g  
s a t u r a t i o n .  M o is tu re  c o n te n t  i n  s o i l  h e ld  i n  e q u i l ib r iu m  
a t  60 cm o f  w a te r  t e n s i o n .
W i l t in g  p o in t  (WP) -  M o is tu re  c o n te n t  o f  a s o i l  when p l a n t s
growing i n  i t  w i l t  p e rm a n e n t ly .  M o is tu re  o f  a w e t te d  s o i l  
a f t e r  re a c h in g  e q u i l i b r iu m  a t  a t e n s i o n  o f  15 a tm o sp h e re s .
D ra in ag e  c a p a c i ty  (DC) -  T ha t volume o f  s o i l  v o id s  i n  a  sample 
c a l c u l a t e d  by s u b t r a c t i n g  volume o f  w a te r  h e ld  a t  1/3  
a tm osphere  t e n s i o n  (FC) from t o t a l  po re  volume (TP).
A v a i la b le  w a te r  c a p a c i ty  (AW) -  M o is tu r e  c o n te n t  a v a i l a b l e  f o r  
p l a n t s  i n  a w e l l - d r a i n e d  s o i l ,  c a l c u l a t e d  by one o f  th e  
fo l lo w in g  m ethods:
(AW) o (FC) -  (WP); (AW) = (TP) -  (DC) -  (WP).
G e n e t ic  Terms
B a r b a t e l l e  -  A young p l a n t  grown e i t h e r  from seed  o r  from c u t t i n g ,  
p re p a re d  f o r  o u t - p l a n t i n g  w i t h  t h e  sh o o t  c u t  back  to  
d e s i r e d  le n g th  and r o o t s  s h o r te n e d  t o  f i t  t h e  s i z e  o f  
p l a n t i n g  h o le .
Clone -  A l l  th e  p l a n t s  ( r a m e ts )  r e p ro d u c e d  a s e x u a l ly  from a 
common a n c e s to r  ( o r t e t )  and h a v in g  i d e n t i c a l  g e n e t i c  
c o n s t i t u t i o n s  (e x c ep t  a s  changed by bud m u t a t i o n s ) .  Each 
c lo n e  i s  g iv en  a name o r  i d e n t i f i c a t i o n  co d e ,  e n c lo s e d  i n  
s in g l e  q u o ta t io n  m ark s ,  p re c e d e d  by th e  a b b r e v i a t i o n  c l . ,  
e . g .  Populus d e l t o i d e s  c l .  'T e n s a s - 2 ' .
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C lo n a l  t e s t  -  A f i e l d  t e s t  i n  w hich o n l y 'a s e x u a l l y  p ro p a g a ted  
p ro g e n ie s  (carnets ) a r e  r e p r e s e n t e d ,  and w h ich , i f  r e p l i ­
c a t e d ,  i s  u s e f u l  f o r  th e  d e m o n s t r a t io n  o f  h e r e d i t a r y  d i f -  
e re n c e s  among c lo n e s  a n d ,  c o n s e q u e n t ly ,  t h e  o r t e t s .
C u l t i v a r  -  A b b re v ia t io n  o f  " c u l t i v a t e d  v a r i e t y . "  An assem blage  
o f  in d iv id u a l s  which i s  d i s t i n c t i v e  and p ro m is in g  enough 
t o  be g iv en  a s e p a r a t e  name. C u l t i v a r  names a r e  e n c lo se d  
i n  s i n g l e  q u o ta t io n  m arks , p re c ed e d  by th e  a b b r e v i a t i o n  
c v . ,  e . g .  Populus cv .  'R oum ei . 1 M ost,  b u t  n o t  a l l ,  c u l t i -  
v a r s  a r e  d i s t i n c t  g e n e t i c a l l y ;  some a r e  m ere ly  to p o p h y s ic  
phenomena.
V a r i e t y  -  The tax o n  below s u b s p e c i e s ;  a group w hich d i s t i n c t l y  
d i f f e r s ,  f o r  v a r io u s  r e a s o n s ,  from  o th e r  v a r i e t i e s  w i t h i n  
th e  same s u b s p e c ie s .  O f te n  used  lo o s e ly  i n  b o tan y  and 
zoo logy  to  mean a  g e n e t i c  v a r i a t i o n  w i t h i n  th e  s p e c i e s .
Phenotype  -  A p l a n t  w i th  v i s i b l e  c h a r a c t e r i s t i c s  w hich a r e  th e  
p ro d u c t  o f  th e  i n t e r a c t i o n  o f  t h e  p l a n t ' s  genes w i th  th e  
en v iro n m en t.  I d e n t i c a l  p h en o ty p es  do n o t  n e c e s s a r i l y  
b reed  a l i k e .
E co type  -  A d i s t i n c t  r a c e  r e s u l t i n g  from  t h e  s e l e c t i v e  a c t i o n  o f 
a  p a r t i c u l a r  env ironm ent and showing a d a p t a t i o n  to  th a t ,  
en v ironm en t.  E co types  a r e  d i s t i n g u i s h a b l e  on ly  th ro u g h  
u n ifo rm  env ironm ent e x p e r im e n t s .  E co types  in c lu d e  
c l i m a t i c  e c o ty p e ,  g e o g ra p h ic  e c o ty p e ,  and edap h ic  e c o ty p e .
Genotype -  Th is  te rm  may be  u sed  i n  a  l im i t e d  s e n s e  to  d e s c r ib e
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t h e  g e n e t i c  c o n s t i t u t i o n  o f  an  i n d i v i d u a l  p l a n t  i n  term s 
o f  a  few s p e c i f i c  g e n e s ,  o r  i n  a  g e n e r a l  s e n s e  to  in c lu d e  
t h e  e n t i r e  g e n e t i c  c o n s t i t u t i o n  (e x p re sse d  o r  l a t e n t )  o f  an 
i n d i v i d u a l .
P rogeny t e s t  - E v a lu a t io n  o f  p a r e n t s  by th e  p e rfo rm an ce  o f  t h e i r  
s e x u a l  p ro g en y . The e v a l u a t i o n s  in c lu d e  a  o n e - p a r e n t  progeny 
t e s t ,  i n  w hich o n ly  t h e  fem a le  p a r e n t  i s  known, and a  two- 
p a r e n t  p rogeny  t e s t ,  i n  w h ich  b o th  th e  seed  and p o l l e n  
p a r e n t s  a r e  known.
F u l l - s i b s  -  T rees  w i th  two p a r e n t s  i n  common.
H a l f - s i b s  -  T rees  w i th  one p a r e n t  ( u s u a l ly  th e  fe m a le )  i n  common.
H ybrid  -  The p ro d u c t  o f  a  c r o s s  be tw een  i n d i v i d u a l s  o f  u n l i k e  
g e n e t i c . c o n s t i t u t i o n .  When used  w i th o u t  q u a l i f i c a t i o n  
t h i s  te rm  u s u a l l y  r e f e r s  to  t h e  p ro d u c t  o f  a  c r o s s  betw een 
s p e c i e s .
D e f i n i t i o n  o f  Symbols
F o r  th e  sake  o f  b r e v i t y  i n  t h e  t e x t ,  fo rm u la s ,  d ia g ra m s ,  and
t a b l e s  i n  t h i s  d i s s e r t a t i o n ,  symbols a r e  o f t e n  u s e d .  An a l p h a b e t i c a l
l i s t i n g  w i th  th e  d e f i n i t i o n  o f  each  symbol i s  g iv en  below .
B . — C u l t i v a t i o n  o f  t h e  s u r f a c e  s o i l  by bed d in g  a f t e r  p l a n t i n g .
C, — D epth ( f e e t )  o f  p l a n t i n g  a  c u t t i n g ,  d
C, — Length  ( f e e t )  o f  t h a t  p o r t i o n  o f  a  c u t t i n g  w hich  rem ains  h
above th e  ground a f t e r  a  c u t t i n g  h a s  been  p l a n t e d .
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CQ — Length  ( f e e t )  o f  l i v e  abo v e-g ro u n d  p o r t i o n  o f  a p la n te d  c u t t i n g  
m easured from ground l e v e l  t o  th e  b a se  o f  t h e  le a d e r  s h o o t .
Cp — Clay c o n te n t  ( p e r c e n t )  i n  a s o i l  p r o f i l e  o f  p l a n t i n g  d e p th ,
a s  a v erag ed  from t h e  sam ples  t a k e n  from a l l  s t r a t a  i n  t h e  p r o f i l e .
— D iam eter ( c e n t i m e t e r s ,  o r  i n c h e s )  o f  a  c u t t i n g .
C^b — D iam eter ( c e n t im e te r s )  a t  th e  b a se  o f  a c u t t i n g .
C0t  — D iam eter ( c e n t i m e t e r s ,  o r  in c h e s )  a t  th e  u p p e r  end o f  a c u t t i n g .
O
Cq. C r o s s - s e c t i o n a l  a r e a  (cm ) a t  th e  m idd le  l e n g th  o f  a  c u t t i n g .
dbh — Tree d ia m e te r  ( in c h e s )  o u t s i d e  b a r k  a t  4 .5  f e e t  above th e
ground l e v e l .
E — F e r t i l i z e r  t r e a tm e n t  by a p p l i c a t i o n  e i t h e r  o f  one e s s e n t i a l  
e lem en t o r  a co m b in a t io n  o f  e le m e n ts .
ETa — A d ju s ted  m onth ly  e v a p o t r a n s p i r a t i o n  ( i n c h e s ) .
ETd - -  D e v ia t io n  o f  m on th ly  a d j u s t e d  e v a p o t r a n s p i r a t i o n  from t h a t  
p r e d i c t e d  f o r  a month ( i n c h e s ) .
ETp — E v a p o t r a n s p i r a t i o n  p e r  month p r e d i c t e d  by T h o r n th w a i t e 's  
method ( i n c h e s ) .
ETr — E v a p o t r a n s p i r a t i o n  r a t e  p e r  month p e r  1°F ( in c h e s ) .
h - -  T o ta l  h e ig h t  ( f e e t )  o f  a  t r e e .
hx — Tree  h e ig h t  ( f e e t )  a t  t h e  age o f  X y e a r s ;  hence  hg — t r e e
h e ig h t  a t  age  s i x .
-8H* - -  Hydrogen io n  a c t i v i t y  (10 m o l e s / l i t e r )  i n  s o i l .
H<j — Depth ( f e e t )  o f  a  p l a n t i n g  h o l e .
H0 - -  D iam eter ( in c h e s )  o f  a  p l a n t i n g  h o l e .

















- M ulching t r e a tm e n t .
- A d jus ted  m o is tu re  b a la n c e  c a l c u l a t e d  f o r  a g iv e n  month ( i n c h e s ) .
- A d ju s ted  m o is tu re  b a la n c e  ( in c h e s )  f o r  an  e n t i r e  grow ing sea so n .  
D e v ia t io n  of. lo n g - te rm  mean m o n th ly  p r e c i p i t a t i o n  from evapo­
t r a n s p i r a t i o n  p r e d ic te d  f o r  a month ( in c h e s )  .
- F e r t i l i z i n g  t r e a tm e n t  by a p p l i c a t i o n  o f  1 .5 lb  o f  su p e rp h o sp h a te  
p e r  t r e e .
- F e r t i l i z i n g  t r e a tm e n t  by a p p l i c a t i o n  o f  1 .5  lb  o f  s u p e rp h o s ­
p h a te  and 2 oz o f  ammonium n i t r a t e  p e r  t r e e .
-  A c tu a l  m onthly  p r e c i p i t a t i o n  ( i n c h e s ) .
-  D e v ia t io n  o f  a c t u a l  m onth ly  p r e c i p i t a t i o n  from lo n g - te rm  mean 
m onth ly  p r e c i p i t a t i o n  ( i n c h e s ) .
-  Long-term  mean m onthly  p r e c i p i t a t i o n  ( i n c h e s ) .
-  Deep c u l t i v a t i o n  by m ix ing  t h e  s o i l  i n  a p l a n t i n g  h o le .
-  R a t i o  o f  a v a i l a b l e  w a te r  (AW) i n  p e r c e n t  by volume to  l a r g e  
p o re  space (BP) i n  th e  d e e p e s t  1 - f o o t  s t r a tu m  o f  a  s o i l  
p r o f i l e  o f  p l a n t in g  d e p th .
-  R a t i o  o f  e x t r a c t a b l e  p o ta s s iu m  (K) t o  c a lc iu m  (Ca) i n  a  s o i l  
p r o f i l e  o f  p l a n t in g  d e p th .
-  R a t io  o f  a v a i l a b l e  w a te r  (AW) i n  p e r c e n t  by volume t o  l a r g e  
p o re  space (BP) i n  a  s o i l  p r o f i l e  o f  p l a n t i n g  d e p th .
-  A c tu a l  mean m onthly  te m p e ra tu re  ( ° F ) .
-  D e v ia t io n  o f  a c t u a l  mean m onth ly  t e m p e ra tu re  from lo n g - te rm  
mean m onthly te m p e ra tu re  ( ° F ) .
-  T ree  m o r t a l i t y  ( p e r c e n t )  by t r e a t m e n t  o r  by ty p e  o f  s o i l ;
Tm2 — th e  m o r t a l i t y  a t  th e  end o f  second  y e a r .
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T„ - -  Tree  s u r v i v a l  ( p e r c e n t )  by t r e a tm e n t  o r  by ty p e  o f  s o i l ;  s
Tg^ — th e  m o r t a l i t y  a t  t h e  end o f s e v e n th  y e a r .
V — S even -year  t r e e  volume o . b .  (c u b ic  f e e t )  a s  r e l a t e d  to  c e r t a i n
f a c t o r s  i n  a  p l a n t a t i o n .
V — S even-year  av e rag e  t r e e  volume o .b .  (c u b ic  f e e t )  p e r  t r e a tm e n t .  
Vt  — S even -year  t o t a l  volume o .b .  ( c u b ic  f e e t )  p e r  t r e a tm e n t .
* - -  S t a t i s t i c a l  s i g n i f i c a n c e  a t  t h e  0 .05  p r o b a b i l i t y  l e v e l .
** — S t a t i s t i c a l  s i g n i f i c a n c e  a t  t h e  0 .0 1  p r o b a b i l i t y  l e v e l .
D iag ram atic  meanings o f  some o f  t h e s e  symbols a r e  shown i n  




F ig u re  2 .  Diagram showing th e  m eanings o f  some 
o f  th e  symbols used  i n  t h i s  r e p o r t .
REVIEW OF LITERATURE
By 1963, two y e a r s  a f t e r  th e  i n i t i a t i o n  o f  t h i s  s tu d y ,  th e  w orld  
l i t e r a t u r e  on p o p la r s  r e a c h e d  a b o u t  1600 r e f e r e n c e s  (Farmer and 
McKnight 1967). At t h a t  t im e  i n  t h e  U n ite d  S t a t e s ,  t h e r e  were o n ly  80 
p u b l i c a t i o n s  and fo u r  t h e s e s  w r i t t e n  a b o u t  th e  e a s t e r n  cottonw ood.
Among th e s e  w o rk s ,  20 p u b l i c a t i o n s  were d e d ic a te d  t o  th e  s e l e c t i o n  o f  
s i t e ,  p l a n t in g  t e c h n i q u e ,  and c u l t u r a l  t r e a t m e n t s ;  14 p u b l i c a t i o n s  
were ab o u t th e  p r o d u c t io n  o f  p l a n t i n g  s to c k ;  15 works were ab o u t s i l v i ­
c u l t u r a l  c h a r a c t e r i s t i c s  o f  th e  s p e c ie s  and management o f  n a t u r a l  
s ta n d s  o f  th e  s p e c i e s ;  and 6 w orks were ab o u t th e  g row th  o f  cottonwood 
i n  n a t u r a l  s ta n d s  and i n  p l a n t a t i o n s .  The re m a in in g  29 p u b l i c a t io n s  
d e a l t  w i th  wood p r o p e r t i e s  and p e s t s .
D uring th e  fo l lo w in g  y e a r s ,  new works were rev iew ed  a s  th e y  were 
p u b l i s h e d .  The p e r t i n e n t  m a t e r i a l  i s  d i s c u s s e d  be low . Numerous f o r ­
e ig n  works were re v ie w ed .  P a r t i c u l a r  a t t e n t i o n  i s  p a id  t o  th o s e  on 
th e  s i l v i c u l t u r e  o f  E u ram erican  p o p la r s  b ecau se  o f  t h e i r  many c lo s e  
r e l a t i o n s h i p s  t o  o u r  n a t i v e  co ttonw ood .
I n  s e v e r a l  c a s e s  w orks r e l a t i n g  t o  s p e c ie s  o f  o th e r  g en e ra  have 
been  in c lu d e d  i n  th e  re v ie w .  I n  a d d i t i o n ,  many works i n  o th e r  r e l a t e d  
f i e l d s  such  a s  s o i l  s c i e n c e ,  c l im a to lo g y ,  p l a n t  p h y s io lo g y ,  b i o ­
c h e m is t ry  i n  c o n n e c t io n  w i th  t r e e  n u t r i t i o n ,  and s u b j e c t s  hav ing  b e a r ­
in g s  on a b e t t e r  developm ent o f  t h e  s tu d y  were a l s o  s t u d i e d ,  hav ing  
i n  mind " t o  a p p ly  a l l  t h a t  i s  a p p l i c a b l e . "  The re v ie w  o f  th e
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l i t e r a t u r e  i s  d iv id e d  i n t o  s e c t i o n s  i n  a cc o rd a n ce  w i th  s u b j e c t  
m a t t e r  and i s  p r e s e n te d  i n  t h e  fo l lo w in g  p a g e s .
G en era l
The genus P opu lus  L. i s  one o f  th e  o l d e s t  d ic o ty le d o n o u s  p l a n t s  o f  
th e  w o r ld .  G e o lo g ic a l  h i s t o r y  c o u n ts  125 f o s s i l  s p e c ie s  found from  d e ­
p o s i t s  b e g in n in g  a s  e a r l y  a s  t h e  c l o s i n g  days o f  t h e  low er C re ta c e o u s  
and th ro u g h  T e r t i a r y .  The g e o l o g i c a l  epochs o f  th o s e  rem ote t im es  
w ere  r e p r e s e n te d  by v a r io u s  numbers o f  p o p la r  s p e c i e s ,  f o s s i l s  o f  w hich 
were found s c a t t e r e d  i n  t h e  r e g i o n  o f  h ig h  l a t i t u d e s  o f  th e  N o rth  
American and E u r o - A s i a t i c  c o n t i n e n t s .  No t r a c e  o f  p o p la r  was found i n  
th e  S o u th e a s te r n  p a r t  o f  N o rth  America a s  f a r  n o r th  a s  th e  mouth o f  
t h e  Ohio R iv e r .  P r i o r  to  t h e  P l e i s t o c e n e ,  th e  c l im a te  was s u b - t r o p i c a l  
i n  t h i s  r e g io n ,  and th e  v e g e t a t i o n  c o n s i s t e d  o f  r a i n  t r e e s ,  b r e a d '  
f r u i t ,  nutm egs, d a t e  p a lm s ,  and many o th e r  a s s o c i a t e d  p l a n t s .  The 
P l e i s t o c e n e  was r e p r e s e n t e d  by t e n  s p e c ie s  o f  p o p l a r ,  two o f  w hich 
a r e  e x t i n c t .  F iv e  s p e c i e s  found i n  Europe and t h r e e  i n  America 
w ere  i d e n t i c a l  w i th  o u r  con tem porary  s p e c i e s .  The a n c e s to r  o f  o u r  
co ttonw ood , th e  s o - c a l l e d  n e c k la c e  p o p la r  (Populus d e l t o i d e s )  h a s  been  
found i n  r i v e r  t e r r a c e  d e p o s i t s  i n  Alabama and Kentucky (B erry  1917, 
R eg n ie r  1955).
The f i r s t  w r i t t e n  in f o r m a t io n  a b o u t  b la c k  p o p la r  ( a i g e i r o s )  and 
w h i te  p o p la r  ( l e u c e )  a p p ea re d  i n  G reek i n  t h e  9 th  C en tu ry  B .C. i n  th e  
e p ic  poems o f  Homer, t h e  I l i a d  and th e  O dyssey . The L a t i n  name o f  
p o p la r  (p o p u lu s ) , w hich  was u sed  by L inneus  i n  1753 a s  th e  s c i e n t i f i c  
name (Populus L . )  f o r  t h e  p o p la r  g e n u s ,  ap p ea re d  f o r  t h e  f i r s t  t im e  i n
Roman l i t e r a t u r e  c a .  two c e n t u r i e s  B.C. i n  a t r e a t i s e  on a g r i c u l t u r e ,  
nDe r e  r u s t i c a . 11 w r i t t e n  by Marcus P o r c iu s  C ato , C e n s o r iu s .  T h is  work 
was a  t r a n s l a t i o n  o f  28 books w r i t t e n  i n  P h o e n ic ia n  by Mago (6 t h  
C en tu ry  B .C . ) .  Mago was th e  f i r s t  t o  w r i t e  ab o u t  th e  a d v an tag e  o f  
p l a n t i n g  p o p la r s  on a fa rm , e s p e c i a l l y  i n  th e  p la c e s  w i th  m o is t  s o i l ,  
t o  p ro v id e  le a v e s  f o r  sheep  and t im b e r  f o r  farm  needs  (C ato  c a .  200 
B .C . ) .  The e a r l i e s t  in f o r m a t io n  on s i l v i c a l  c h a r a c t e r i s t i c s ,  s i t e ,  
p r o p a g a t io n ,  and wood p r o p e r t i e s  o f  b la c k  and w h i te  p o p la r s  and a sp e n  
was p u b l i s h e d  i n  G reek  by T h eo p h ra s tu s  i n  an  18-book s e r i e s  e n t i t l e d  
E n q u iry  i n t o  P l a n t s ; f i v e  books i n  t h i s  s e r i e s  were d e d ic a te d  t o  t h e  
t r e e s  (T h eo p h ra s tu s  c a .  300 B .C . ) .
The a n c i e n t  f o r e s t  h i s t o r y  p ro v id e d  in f o r m a t io n  on th e  e f f e c t s  o f  
p o p la r s  on th e  economy o f  th o s e  t im e s .  P o p la r  wood has had s e v e r a l  u se s  
such  a s  f o r  r a f t e r s  i n  c o n s t r u c t i o n ,  i n  c a rv in g  a r t  o b j e c t s ,  i n  making 
s a n d a l s ,  b o x e s ,  t u b s ,  b a s k e t s ,  p o s t s ,  p a r t s  o f  w h e e ls ,  and  s h i e l d s  o f  
w a r r i o r s .  Saw dust, wood s h a v in g s ,  and c h ip s  were used  f o r  s t o r i n g  
g r a p e s .  P o p la r  t r e e s  were h ig h ly  esteem ed i n  a n c i e n t  t im es  f o r  t h e i r  
f a s t  g row th  and a l s o  f o r  t h e i r  l i g h t  c row ns. I n t e n s i v e  p o p la r  p l a n t a ­
t i o n s  were e s t a b l i s h e d  i n  th e  Roman Empire w i th  th e  main p u rp o se  o f  
p ro v id in g  a s u p p o r t  f o r  th e  g ra p e  v i n e ,  s in c e  g ra p e s  r ip e n e d  i n  d i s p e r s e d  
l i g h t  were c o n s id e re d  t o  be o f  a h ig h e r  q u a l i t y  th a n  th o s e  w hich were 
grown i n  t h e  open ( S e i d e n s t i c k e r  1886).
The genus P opu lus  L. c o n s t i t u t e s  a  l a r g e ,  though  y e t  u n d e te rm in e d ,  
number o f  s p e c i e s .  Harlow and H a r r a r  (1941) c o n s id e re d  35 s p e c i e s ;
Zycha e t  a l .  (1959) e s t im a te d  a s  many a s  150 s p e c i e s ;  P ra v d in  and
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Filim onova (1960) r e p o r t e d  t h a t  more th a n  100 s p e c ie s  have been d e ­
s c r ib e d .  However, th e  l i s t  i s  s t i l l  n o t  co m p le te .  The genus in c lu d e s  
co ttonw oods, ba lsam  p o p l a r s ,  w h ite  p o p l a r s ,  and a s p e n s ,  w hich a r e  
w id e ly  d i s t r i b u t e d  th ro u g h o u t  th e  N o r th e rn  H em isphere : from th e  
A t l a n t i c  t o  th e  P a c i f i c  i n  th e  New W orld , n o r th e r n  A f r i c a ,  th e  so u th e rn  
s lo p es  o f  th e  H im a lay as ,  c e n t r a l  C hina , and Jap an  i n  th e  Old World. 
F i f t e e n  s p e c ie s  o f  P opu lus  a r e  n a t i v e  t o  N orth  A m erica , b u t  on ly  s ix  
o f  them o ccu r  i n  com m ercial s i z e  and q u a n t i t y .
T ax o n o m ica lly ,  t h e  genus Populus  b e lo n g s  t o  t h e  fa m ily  S a l ic a c e a e  
o f  th e  o rd e r  S a l i c a l e s  and i s  d iv id e d  i n t o  th e  fo l lo w in g  f iv e  s e c t i o n s  
(F o n ta in e  1958, Zycha e t  a l .  1959, S c h r e in e r  1971):
1) Leuce Duby, w hich  in c lu d e s  w h ite  p o p la r s  and a s p e n s .  Of t h i s
s e c t i o n  two a s p e n s ,  P . t r e m u lo id e s  M ic h x . , and P.
g r a n d i d e n t a t a  Michx. a r e  n a t i v e  t o  N orth  Am erica.
2) A ig e i ro s  Duby, t o  w hich  be long  th e  European b l a c k  p o p la r s  and
t h e  e a s t e r n  cottonw ood (P . d e l t o i d e s  B a r t r . )  o f  
N o rth  A m e r ic a .
3) Tacamahaca Spach , w hich  co m p rises  a l l  ba lsam  p o p la r s  o f  th e  w orld
w i th  P . a cu m in a ta  R ydb .,  P . a n g u s t i f o l i a  James & Gray,
P . b a l s a m i f e r a  L . ,  and P . t r i c h o c a r p a  T o r r .  o f  N orth  
A m erica .
4 )  L euco ides  Spach , t o  w h ich  be long  l a r g e - l e a f  p o p la r s  r e p r e s e n te d
by swamp cottonw ood (P. h e t e r o p h y l l a  L . )  i n  th e  s o u th ­
e a s t e r n  p a r t  o f  th e  U n ite d  S t a t e s .
5 )  Turanga Bunge, t h e  p o ly m o r p h ic - le a f  p o p l a r s ,  w hich  a r e  n o t  r e p r e ­
s e n te d  by an y  s p e c ie s  i n  N orth  A m erica .
Komarov (1936) has  d iv id e d  th e  genus Populus i n t o  t h r e e  subgenera  
(T uranga . L eu ce ,  E u p o p u lu s) , sev en  s e c t i o n s ,  and n i n e  s e r i e s .  Accord­
in g  t o  h i s  c l a s s i f i c a t i o n  P . d e l t o i d e s  B a r t r .  b e lo n g s  t o  th e  subgenus 
Eupopu lus . t h e  s e c t i o n  A i g e i r o s , and th e  A ig e i ro s  s e r i e s .
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G en era l m o rp h o lo g ica l  f e a t u r e s  and ta x o n o m ic a l ly  u s e f u l  c h a r a c t e r s  
o f  N orth  American p o p la r s  have been  d e s c r ib e d  by Harlow and H a r ra r  
(1 9 4 1 ) ,  F e rn a ld  (1 9 5 0 ) ,  and S a rg e n t  (1 9 6 1 ) .
The p o p la r s ,  a s  t h e  o t h e r  s p e c i e s  o f  th e  S a l i c a c e a e  f a m i ly , a r e  
d io e c io u s ;  y e t  s e v e r a l  c a s e s  o f  h e rm a p h ro d i t ism  i n  a P . d e l t o i d e s  B a r t r .  
t r e e ,  a f t e r  s e l f - p o l l i n a t i o n ,  produced  seed  w i th  65 p e rc e n t  g e rm in a t io n  
c a p a c i t y ,  i n  g e n e r a l ,  how ever, t h e  d io e c io u s  c h a r a c t e r  o f  t h e  genus 
f a v o rs  c ro s s  p o l l i n a t i o n ,  w hich  p ro d u c e s  v i a b l e  h y b r id s ,  e s p e c i a l l y  
among th e  s p e c ie s  o f  t h e  same s e c t i o n .  T h is  e a s e  o f  i n t r a s e c t i o n a l  
h y b r i d i z a t i o n  r e s u l t e d  i n  t h e  developm ent o f  th e  E uram erican  p o p la r s  
w hich a r e  th e  c r o s s - p r o d u c t s  o f  P . d e l t o i d e s  B a r t r .  w i th  th e  European 
b la c k  p o p la r  (P. n i g r a  L . )  (Campo 1963).
The p u t a t iv e  i n t e r s e c t i o n a l  h y b r i d i z a t i o n  and i n t r o g r e s s i o n , .  
e s p e c i a l l y  a long  th e  e x t e n s i v e  w e s te r n  and n o r t h e r n  b o rd e rs  o f  th e  
cottonwood range  where i t  o v e r l a p s  w i th  th e  ra n g e s  o f  th e  o th e r  Am erican 
p o p la r s ,  a r e  th e  c au se s  o f  many P opu lus  p o p u la t io n s  i n  t h i s  r e g io n  b e in g  
ta x o n o m ic a l ly  i n d i s t i n c t .  The o c c u r re n c e  o f  p u t a t i v e  n a t u r a l  h y b r id s  
o f  e a s t e r n  cottonwood w i th  p o p la r s  o f  t h e  s e c t i o n s  Leuce and Tacamahaca 
h as  been  r e p o r te d  by Brayshaw (1 9 6 5 ) .
On th e  o th e r  h and , t h e  o c c u r re n c e  o f  c o n s id e r a b le  p h e n o ty p ic  v a r i ­
a t i o n  i n  cottonwood w i t h i n  i t s  ra n g e  may be a t t r i b u t e d  t o  th e  wide v a r i ­
a t i o n  i n  c l i m a t i c  and e d a p h ic  c o n d i t i o n s  i n  w hich  i t  grows (M arcet 1961, 
Farmer 1966 and 1968, Farm er and W ilcox  1966, W ilcox and Farmer 1967 
and 1968, Kaszkurewicz and Fogg 1967, R andal and Mohn 1969).
The s i l v i c a l  c h a r a c t e r i s t i c s  o f  cottonw ood have been e x h a u s t iv e ly
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p re s e n te d  i n  many w orks (W illiam son  1913, Putnam and B u l l  1931, 
M a ise n h e ld e r  and H eav r in  1957, Putnam e t  a l .  1960, F ow ells  1965,
McKnight 1968 ).
R e g e n e ra t io n  by S eed ing  and C oppic ing
Many f a c t o r s  m ust c o in c id e  t o  c r e a t e  f a v o r a b le  c o n d i t io n s  f o r  
s u c c e s s f u l  n a t u r a l  r e p r o d u c t io n  o f  co ttonw ood . I n  th e  p e r io d  o f  seed  
f a l l ,  from th e  m id d le  o f  May th ro u g h  t h e  m idd le  o f  J u l y ,  i t  i s  e s s e n ­
t i a l  f o r  t h e  b a re  s o i l  t o  rem ain  m o is t  (M a isen h e ld e r  1960). D isp e rse d  
l i g h t  r a t h e r  th a n  b r i g h t  su n sh in e  i s  p r e f e r a b l e  f o r  a c h ie v in g  s u c c e s s ­
f u l  g e rm in a t io n  and e a r l y  s u r v i v a l .  A ccord ing  to  McKnight (1965) ,
" th e  most f a v o r a b le  te m p e ra tu re  ran g e  f o r  g e rm in a t io n  i n  w a te r  i s  
ab o u t 80° t o  9 0 ° F .n The a u th o r  o f  t h i s  d i s s e r t a t i o n  found t h a t  
a i r  t e m p e ra tu re  betw een  70° and 80°F i s  i d e a l  f o r  th e  g e rm in a t io n  o f  
cottonwood s e e d .  B oth  th e  te m p e ra tu re  o f  ab o u t 65°F and th e  s o i l  r e a c ­
t i o n  below pH = 5 , w hich  a r e  conducive  t o  th e  developm ent o f  most f u n g i ,  
d e p re s s  g e rm in a t io n  o f  t h e  seed  (Sm all 1946). The c o ty le d o n - s t a g e  
s e e d l in g s  may be i n j u r e d  by te m p e ra tu re s  h ig h e r  th a n  80°F , s in c e  th e  
upper  1/ 4 - i n c h  o f  s o i l  w i l l  be h e a te d  and become d r y .
G e rm in a t io n  o f  co ttonw ood seed  i s  e p ig e o u s ;  t h e r e f o r e ,  th e  c o ty ­
led o n s  s t a r t  t o  grow f i r s t ,  and th e n  t h r e e  t i n y  l a t e r a l  r a d i c l e s  
dev e lo p  on th e  embryo ( P l a t e  1 ) .  B efo re  t h e  r a d i c l e s  have d ev e lo p e d ,  
a f r i n g e  o f  c o t to n y  h a i r s ,  a t t a c h e d  on a  c o l l a r - l i k e  r i n g  t o  th e  
embryo-end o f  t h e  s e e d ,  s e r v e s  a s  a s u b s t i t u t e  f o r  a m o is tu r e - a b s o r b in g  
r o o t  system  (F ig u re  3 ) .
The seed  o f  co ttonw ood i s  v e r y  s m a l l ;  1 pound o f  c lea n e d
P l a t e  1. S ix - d a y - o ld  cottonwood s e e d l in g  ( x 3 ) .
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C o ty le d o n -s ta g e  s e e d l in g
Detached p a ra c h u te Seed w i th  p a ra c h u te
F ig u re  3 . C o ty le d o n -s ta g e  cottonw ood s e e d l i n g ,  
and seed  (x 5 ) .
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cottonwood seeds  c o n s i s t s  o f  2 0 0 ,0 0 0  t o  5 90 ,000  se e d s  (U. S. F o r e s t
S e rv ic e  1948). The a v e ra g e  w e ig h t  o f  d i f f e r e n t  seed  l o t s  v a r i e s  from 
-5 -52 x 10 to  6 x 10 l b ,  w hich i s  a r a t i o  o f  1 t o  3 . However, th e
r e l a t i v e  v a r i a t i o n  i n  th e  w e ig h t  o f  a s i n g l e  seed  i s  from 1 t o  8 . Such 
a v a r i a t i o n  i n  seed  s i z e  m ust a f f e c t  g e rm in a t iv e  c a p a c i t y  o f  seed i n  
a d d i t i o n  t o  s u r v i v a l  and v i t a l i t y  o f  s e e d l i n g s ,  a t  l e a s t  d u r in g  th e  
f i r s t  few day's o f  t h e i r  l i v e s .  No s tu d y  has  y e t  been  made to  d e t e r ­
mine th e  e f f e c t  o f  th e  s i z e  o f  co ttonw ood seed  on g e rm in a t io n  and 
grow th o f s e e d l i n g s .
A m atu re  cottonw ood seed  t r e e  o f  a b o u t  30 in c h e s  dbh w i th  a w e l l -  
d eve loped  crown i s  a b le  t o  p roduce  s e v e r a l  th o u san d  n e c k l a c e - l i k e  , 
f r u i t - b e a r i n g  c l u s t e r s  a n n u a l ly  ( P l a t e  2 ) .  A w e l l -d e v e lo p e d  c l u s t e r  
can  have ab o u t  35 f r u i t s .  Each f r u i t ,  a  c a p s u l e ,  c o n ta i n s  20 t o  30 
v i a b l e  s e e d s .  T hus, 2 t o  5 m i l l i o n  s e e d s ,  each  suspended  i n  t h e  
a i r  on a p a r a c h u t e - l i k e  c o t to n y  f r i n g e ,  a r e  c a r r i e d  by th e  wind t o  an  
a v e ra g e  d i s t a n c e  o f  200 f e e t  away from t h e  t r e e .  Two seed  t r e e s  a r e  
s u f f i c i e n t  t o  p ro v id e  good s e e d in g  f o r  one a c r e  (Johnson  1965). Not 
a l l  th e  seed s  w i l l  r e a c h  t h e  g ro u n d ; many o f  them rem ain  an chored  t o  
t h e  l im b s . Those f a l l i n g  i n  p l a c e s  co v ered  w i th  v e g e t a t i o n  o r  on b a re  
compacted s o i l  a r e  l o s t .  O f te n ,  how ever, a  dense  r e g e n e r a t i o n  o f  
cottonw ood can be seen  grow ing v i g o r o u s l y  on m o is t  sand b a r s  n e a r  th e  
w a te r  l e v e l  o f  l a r g e r  r i v e r s ,  i n  borrow p i t s ,  and on s p o i l  banks a lo n g  
d ra in a g e  d i t c h e s  ( P l a t e  3 ) .
Johnson  (1965) t r i e d  t o  s im u la te  th e  b a re  land  w here cottonwood 
e s t a b l i s h e s  i t s e l f  n a t u r a l l y .  I n  a  c u t - o v e r  bo tto m lan d  f o r e s t ,  a l l  th e
P l a t e  2 .  C lu s t e r s  o f  cottonwood c a p s u l e s .
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P l a t e  3. N a tu ra l  cottonwood r e g e n e r a t io n  on 
s p o i l  bank a long  a r o a d - d i t c h .
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t r e e s  e x c e p t  th e  co ttonw oods were e i t h e r  c l e a r e d  o r  deadened d u r in g  
A p r i l .  B eg inn ing  i n  May, a  s e r i e s  o f  3- t o  1 0 - f o o t -w id e  s t r i p s  were 
p re p a re d  by p low ing , d i s k i n g ,  o r  b u l ld o z in g  t o  d e p th s  v a ry in g  from 5 
t o  20 i n c h e s .  D uring th e  f i r s t  sea so n  th e  cottonw ood  s e e d l in g s  e s t a b ­
l i s h e d  th e m se lv e s  on t h e  s t r i p s  a t  v a r io u s  d e n s i t i e s  depend ing  on th e  
ty p e  o f ’ s o i l  t r e a tm e n t .  No r e g e n e r a t i o n  d ev e lo p ed  on d is k e d  s t r i p s .  
S to c k in g  was u n s a t i s f a c t o r y  on plowed s t r i p s .  The b e s t  s to c k in g  was 
a c h ie v e d  on 10- f o o t -w id e  and a p p ro x im a te ly  10- i n c h - d e e p  b u l ld o z e d  
s t r i p s .  A f t e r  t h r e e  y e a r s ,  th e  s to c k in g  o f  s e e d l i n g s  was m a in ta in e d  
a t  a b o u t  85 p e r c e n t  and th e  h e ig h t s  o f  th e  dom inant s e e d l in g s  a v e r ­
aged  10 f e e t .  The r e s u l t  was so  e n co u rag in g  t h a t  s e v e r a l  lumber com­
p a n ie s  t r e a t e d  ab o u t  1 ,500  a c r e s  o f  u n d e rs to c k e d  f o r e s t s  w i th  b u l ld o z e d  
s t r i p s .  Each company r e p o r te d  c o n s id e r a b le  v a r i a t i o n  b e tw een , and even 
w i t h i n ,  t r e a t e d  a r e a s .
McKnight (1968) r e p o r t e d ,  a s  e x p e r ie n c e  i n d i c a t e d ,  t h e r e  was a 
b a re  5 0 -5 0  chance o f  s u c c e s s  f o r  r e g e n e r a t i n g  co ttonw ood from seed  by 
th e  a p p l i c a t i o n  o f  t r e n c h in g  m e th o d s .
R e g e n e ra t io n  o f  cottonwood by th e  co p p ice  method was s t u d ie d  by 
Hofman (1912) i n  M in n eso ta .  He found t h a t  th e  number o f  s p r o u t s  from 
t h e  cambium a t  th e  c u t  s u r f a c e  o f  a stump in c r e a s e d  w i th  an  i n c r e a s e  
i n  t h e  h e ig h t  o f  th e  stump ( t h r e e  s p r o u t s  on a 6 - i n c h - h i g h  stump 
and 70 s p r o u t s  on a 4 0 - in c h - h ig h  s tu m p ).  However, th e  a v e ra g e  h e ig h t  
o f  s p r o u t s  d e c re a se d  w i th  an  i n c r e a s e  i n  th e  h e i g h t  o f  th e  stump 
(9 f e e t  on 5 - in c h - h ig h  stump and 3 .5  f e e t  on 4 0 - in c h - h ig h  s tu m p ).  He 
a l s o  found t h a t  low stumps te n d  t o  p roduce  s p r o u t s  from th e  r o o t  c o l l a r
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i n  a d d i t i o n  t o  t h e  s p r o u ts  from th e  cambium. The l a r g e s t  number (14) 
o f  s p r o u t s  from th e  r o o t  c o l l a r  was found on th e  4 - in c h - h ig h  s tum ps; 
w i th  an  in c r e a s e  i n  th e  h e ig h t  o f  th e  stump, th e  number o f  t h e s e  
s p r o u t s  d e c r e a s e d .  No s p r o u t s  were observed  on th e  stumps w hich  w ere  
h ig h e r  th a n  17 in c h e s .
Hofmann o bserved  t h a t  t h e  most r e l i a b l e  s p r o u t s  f o r  r e g e n e r a t i o n  
o f  a  s ta n d  were r o o t  s u c k e r s — th o s e  from ro o t  c o l l a r s  and from r o o t s  
th e m s e lv e s .  These s p r o u ts  e a s i l y  developed  t h e i r  own r o o t  s y s te m s .
The s p r o u t s  from th e  cambium o f  th e  stumps lower th a n  6 i n c h e s  i n  
h e i g h t  grew w e l l .  However, t h e i r  l i v e s  were s h o r t e r  th a n  th o s e  grow ing 
from t h e  r o o t  c o l l a r .  High stumps d id  n o t  produce d e c e n t  t r e e s  from 
s p r o u t s  on th e  cambium r i n g .  B e t t e r  grow th o f  s p r o u ts  from r o o t  
c o l l a r  o r  low stumps r e s u l t e d  i f  th e  number o f  s p r o u t s  p e r  stump was 
red u ced  t o  t h r e e  o r  l e s s .
R e g e n e ra t io n  o f  cottonw ood by th e  copp ice  method had n o t  been  
s t u d ie d  i n  th e  South  b e fo re  1967. At t h a t  t im e ,  Crown Z e l l e r b a c h  
C o rp o ra t io n  e s t a b l i s h e d  a s e r i e s  o f  p l o t s  a t  th e  F i t l e r  P l a n t a t i o n ,  
M i s s i s s i p p i ,  t o  s tu d y  r e g e n e r a t i o n  by c o p p ic in g .  No r e s u l t s  have  y e t  
been  r e l e a s e d .
P l a n t i n g  Methods
R e g e n e ra t io n  o f  cottonw ood and o th e r  p o p la r s  by n a t u r a l  s e e d in g  
i s  p o s s i b l e  on ly  u n d e r  c e r t a i n  o p t im a l  c o n d i t io n s  o f  s o i l  m o i s tu r e ,  
l i g h t ,  t e m p e r a tu r e ,  a i r  h u m id i ty ,  and ground c o v e r .  S im u la t in g  such  
c o n d i t i o n s  p r e s e n t s  numerous p ro b lem s . As y e t ,  s a t i s f a c t o r y  r e s u l t s  
have n o t  been  produced  i n  th e  f i e l d .  Growing cottonw ood s e e d l i n g s  i n
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n u r s e r y  beds  w here  th e  c o n d i t io n s  can be c o n t r o l l e d  s t e a d i l y  i s  s u f ­
f i c i e n t l y  f a c i l e .  But t h e s e  s e e d l in g s  u s u a l l y  e x h i b i t  c o n s id e r a b le  
v a r i a t i o n  i n  v a r i o u s  a s p e c t s  due t o  t h e  o r i g i n  and th e  q u a l i t y  o f  th e  
s e e d .
Modern s i l v i c u l t u r e ,  in te n d e d  f o r  growing h ig h  q u a l i t y  t im b e r ,  
i s  b a sed  on th e  use  o f  a  r i g i d l y  s e l e c t e d  s u p e r io r  p l a n t in g  s to c k .
T h is  r e q u i r e m e n t  can  be met when s e l e c t e d  c lo n e s  a r e  used  to '  e s t a b ­
l i s h  com m ercial p l a n t a t i o n s .  V e g e ta t iv e  p ro p a g a t io n  o f  c lo n a l  m a t e r i a l ,  
u s in g  dorm ant o r  g re e n  c u t t i n g s ,  p r o v id e s  th e  means o f  p ro d u c in g  a 
l a r g e  number o f  p l a n t a b l e  m a t e r i a l s  f o r  commercial p l a n t a t i o n s  i n  a  
s h o r t  p e r io d  o f  t im e .  P l a n t in g  c u t t i n g s  i s  a  s im p le  o p e r a t i o n  p e r ­
formed e i t h e r  m an u a l ly  o r  m e c h a n ic a l ly .  I n  a d d i t i o n ,  h a n d l in g  o f  
c u t t i n g s  i n  s t o r a g e ,  t r a n s p o r t ,  o r  g ra d in g  i s  much e a s i e r  th a n  of. 
s e e d l i n g s ,  th u s  r e s u l t i n g  i n  f a v o r a b le  c o s t  o f  p l a n t in g  s to c k  and 
p l a n t i n g  o p e r a t i o n s .  N e v e r t h e l e s s ,  t h e  e s ta b l i s h m e n t  o f  p o p la r  p l a n ­
t a t i o n s  by p l a n t i n g  c u t t i n g s  was n o t  ad o p ted  on a w orld -w ide  b a s i s  f o r  
re a s o n s  t o  be d i s c u s s e d  l a t e r .
D is c u s s io n s  o f  p l a n t in g  methods i n  v a r io u s  c o u n t r i e s  o f  th e  
w orld  a r e  p r e s e n te d  i n  t h e  fo l lo w in g  s e c t i o n s .
I n  I t a l y ,  t h e  developm ent o f  p l a n t i n g  te c h n iq u e s  f o r  e s t a b l i s h i n g  
p o p la r s  p a ss e d  th ro u g h  s e v e r a l  s t a g e s .  V ar io u s  s i z e s  and a g es  o f  
p l a n t i n g  s to c k  ( 1 - 1 ,  1 -2 ,  2 - 2 ,  2 -3  and 3 -3 )—̂  and s e v e r a l  s p a c in g
• ^ 2 - 3  p l a n t i n g  s to c k  means a s e e d l in g  w i th  a 2 - y e a r - o ld  sh o o t  on 
a 3 - y e a r - o l d  r o o t  system ; t h i s  n u m e r ic a l  system  i s  employed i n  E urope .
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c o m b in a t io n s  (from  100  t o  266 t r e e s  p e r  a c r e )  have b een  t r i e d  d u r in g  
th e  p a s t  30 y e a r s .
The te c h n iq u e  now c o n s i s t s  o f  a s i t e  p r e p a r a t i o n  (20 t o  24 in c h e s  
deep p lo w in g  and d i s k i n g ) ;  p l a n t i n g  o f  2-2 n u rse ry -g ro w n  s a p l i n g s  25 t o  
30 f e e t  t a l l  i n  h o le s  2 f e e t  i n  d ia m e te r  and 27 t o  32 in c h e s  deep ;  two 
a n n u a l  w eedings (o r  one l i g h t  c u l t i v a t i o n  and one w e e d in g ) ;  t h r e e  
p ru n in g s  ( i n  t h e  2nd , 4 th  and 7 th  y e a r s ) ;  p e s t  c o n t r o l  t r e a t m e n t s ;  and 
a t  l e a s t  one y e a r l y  i r r i g a t i o n .  As a r u l e ,  n i t r o g e n - p h o s p h o r u s -  
p o ta s s iu m  f e r t i l i z e r  i s  a p p l i e d  a t  th e  tim e  o f  p l a n t i n g  and i n  th e  t h i r d  
grow ing sea so n  (F o n ta in e  1958, E nte  N az io n a le  p e r  l a  C e l lu lo s a  e  p e r  
l a  C a r ta  196 4 ) .
P r e v o s to  (1965) r e p o r t e d  t h a t  on a l l  s i t e s  t h e  h i g h e s t  c o n s t a n t  
a n n u a l  income was d e r iv e d  from p o p la r  p l a n t a t i o n s  w i t h  125 t o  142 t r e e s  
o f  c lo n e  '1 - 2 1 4 '  p e r  a c r e  (300 t o  345 sq u a re  f e e t  p e r  t r e e ) .  These 
p l a n t a t i o n s  were e s t a b l i s h e d  b ased  on a  r e c t a n g u l a r  s p a c in g  o f  1 6 .4  by
19 .6  f e e t ,  w h ich  was c o n s id e re d  t o  be th e  optimum a t  t h a t  t im e .
An e q u i l a t e r a l  t r i a n g u l a r  s p a c in g ,  w i th  t h e  d i s t a n c e  o f  21 f e e t  
be tw een  th e  t r e e s ,  h a s  r e c e n t l y  been  p rom oted . I t  g iv e s  t h e  p o s s i ­
b i l i t y  o f  a b e t t e r  u t i l i z a t i o n  o f  p l a n t i n g  a r e a ,  and  a t  t h e  same tim e  
a s i n g l e  t r e e  r e t a i n s  th e  same space  a s  i n  t h e  case  o f  t h e  r e c t a n g u ­
l a r  s p a c in g .  F i f t e e n  p e r c e n t  more t r e e s  can  be p la n te d  on t h e  same 
a r e a  t h a n  i f  r e c t a n g u l a r  s p a c in g s  a r e  u sed .
Y u g o s lav ia
A te c h n iq u e  v e r y  s i m i l a r  t o  th e  one used i n  I t a l y  I s  be in g  used  
i n  Y u g o s lav ia  (Bura 1967). E i t h e r  2-3  s e e d l in g s  o r  2 - y e a r - o l d  s w i tc h e s
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w i th  t h e  d ia m e te r  n o t  s m a l l e r  th a n  1 in c h  a t  th e  h e ig h t  o f  3 .3  f e e t  
above ground a r e  p la n te d  30 t o  40 in c h e s  deep i n  h o le s  26 in c h e s  i n  
d i a m e te r .  The g rad ed  s e e d l in g s  ( I - g r a d e  1 .6  in c h e s ;  I I - g r a d e  1 .4  t o
1 .6  i n c h e s ;  I I I - g r a d e  1 .0  t o  14 in c h e s )  a r e  u s u a l l y  p la n te d  i n  s e p a r a t e  
a r e a s .  S e e d l in g s  w hich a r e  s m a l le r  th a n  1 in c h  i n  d ia m e te r  and l e s s  
t h a n  8 f e e t  t a l l ,  c ro o k e d ,  o r  d i s e a s e d  a r e  d i s c a r d e d .  A f t e r  l i f t i n g ,  
t h e  r o o t s  a r e  s h o r te n e d  and stem s p ru n e d .
I n  sandy  s o i l  w i th  a deep w a te r  t a b l e ,  2 -  o r  3 - y e a r - o ld  s w i tc h e s  
2 t o  3 in c h e s  i n  d ia m e te r  a r e  p la n te d  i n  h o le s  6 t o  13 f e e t  deep w i th  
th e  p u rp o se  o f  p ro v id in g  d e s i r a b l e  m o is tu r e  c o n d i t i o n s ,  o c c u r r in g  ab o u t 
2 f e e t  above t h e  w a te r  t a b l e ,  a t  t h e  b a se  o f  th e  s w i tc h .  The t a l l e r  
th e  s w i tc h ,  th e  d e e p e r  th e  h o le  and t h e  s m a l l e r  i t s  d ia m e te r .  The 
optimum d e p th  o f  w a te r  t a b l e  may ra n g e  from 3 t o  5 f e e t ,  depend ing  on 
th e  c a p i l l a r y  s t r u c t u r e  o f  th e  s o i l .
F e r t i l i z a t i o n  i s  recommended a t  th e  tim e  o f  p l a n t i n g .  The 
q u a n t i t y  o f  t h e  f e r t i l i z e r  depends on t h e  f e r t i l i t y  o f  th e  s o i l  and 
on th e  s i z e  o f  t h e  h o l e .  As a  s t a r t i n g  f e r t i l i z e r ,  Bura (1967) sug ­
g e s te d  a  m ix tu r e  o f  0 .516 pounds o f  n i t r a t e ,  0 .5  pounds o f  p o ta ss iu m  
s a l t ,  and 1 .0  pound o f  su p e rp h o sp h a te  f o r  each  25 c u b ic  f e e t  o f  th e  
s o i l  from a p l a n t i n g  h o le .  He a l s o  recommended th e  e q u i l a t e r a l  t r i ­
a n g u la r  s p a c in g  used  i n  I t a l y .
England
For o u t - p l a n t i n g ,  th e  u se  o f  w e l l - fo rm e d  and sound 5 - t o  1 0 - f o o t -  
t a l l  1 -2 ,  2 - 2 ,  o r  2 -3  s e e d l in g s  grown i n  a n u r s e r y  has  been  recommended 
by f o r e s t e r s  o f  t h e  B r i t i s h  F o r e s t r y  Commission (1 9 4 8 ) .  The s m a l l e r
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s e e d l in g s  shou ld  be used  on d r i e r  s i t e s .  I n  l i f t i n g  th e  s e e d l i n g s ,  
t h e i r  r o o t s  sh o u ld  be s h o r t e n e d ,  u p p e r  b ran c h es  c u t  b a c k ,  and . th e  low er 
h a l f  o f  t h e  s tem  pruned c l e a n .
S pacings o f  21 by 21 f e e t  f o r  narrow -crow ned v a r i e t i e s  and 24 by 
24 f e e t  f o r  b road-crow ned  v a r i e t i e s  a r e  recommended i f  t h e  t r e e s  a r e  t o  
be  grown w i th o u t  t h i n n i n g .  S p ac in g s  from 18 by 18 f e e t  t o  21 by 21 f e e t  
may be used  i f  m a rk e ta b le  t h i n n i n g s  a r e  p la n n ed .  P l a n t a t i o n s  w i th  
sp a c in g s  o f  12 by 12 f e e t  a r e  u n d e s i r a b l e  a s  th e y  r e q u i r e  an  e a r l y  
precom m ercia l t h i n n i n g .
S i t e  p r e p a r a t i o n  i s  made by e i t h e r  p low ing s t r i p s  o r  c le a n in g  
p a tc h e s  o f  a t  l e a s t  4 f e e t  i n  d ia m e te r  and p r e p a r a t i o n  o f  p l a n t i n g  
h o le s  18 in c h e s  d eep . W hile  p l a n t i n g  s e e d l i n g s ,  c a r e  m ust be t a k e n  t o  
s e t  th e  r o o t s  below ground l e v e l  e s p e c i a l l y  on th e  d r i e r  s i t e s .
Mounding th e  s o i l  around th e  s e e d l in g s  and m ulch ing  w i th  any  k in d  o f  
v e g e t a t i o n  i s  h i g h l y  recommended.
D uring th e  y e a r s  a f t e r  p l a n t i n g ,  u n d e s i r a b l e  sh rubby  v e g e t a t i o n ,  
e s p e c i a l l y  t h a t  i n t e r f e r i n g  w i th  t h e  crowns o f  th e  p o p l a r s ,  must be 
c o n t r o l l e d .
Union o f  S o v ie t  S o c i a l i s t  R e p u b l ic s
I n  B y e lo ru s s ia  (BSSR) and i n  t h e  U kra ine  (USSR), s i t e  p r e p a r a t i o n  
f o r  p l a n t i n g  p o p la r s  c o n s i s t s  o f  b ru s h  c l e a r i n g  and s c a r i f i c a t i o n  o f  sod 
by d i s k in g  i n  t h e  e a r l y  summer, fo l lo w e d  by 10- t o  1 4 - in c h -d e e p  plow ing 
i n  th e  autumn and su cceed ed  by c u l t i v a t i o n  and h a rro w in g  i n  th e  s p r in g  
o f  th e  n e x t  y e a r  when p l a n t i n g  i s  made. On poor s o i l s ,  a  s e e d in g  o f  
lu p in e  o r c l o v e r ,  w hich sh o u ld  be plowed a f t e r  b loom ing , i s  recommended.
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I n  t h i s  c a s e ,  p o p la r s  a r e  p la i \ te d  i n  t h e  second s p r in g  a f t e r  s c a r i f i c a ­
t i o n  o f  th e  so d ,  s h o r t l y  a f t e r  a p r e p l a n t i n g  d i s k i n g .
P la n t in g  p o p la r s  w i th  c u t t i n g s  3 /8  t o  1/2 in c h  i n  d ia m e te r  and 10 
t o  14 in c h e s  long i s  a method commonly a c c e p te d .  U n t i l  1960, a d e f i n i t e  
o p in io n  re g a rd in g  optimum s p a c in g  was n o n e x i s t e n t  i n  th e  USSR. However, 
a  t r e n d  toward l a r g e r  s p a c in g s  was n o t i c e a b l e  a s  a consequence o f  many 
ex p e r im en ts  w i th  d i f f e r e n t  s p a c in g s  ( s q u a re  and r e c t a n g u l a r  sp ac in g s  
w i th  100 t o  680 t r e e s  p e r  a c r e ) .
I n  p l a n t a t i o n s  w i th  l e s s  th a n  440 t r e e s  p e r  a c r e ,  u n d e r p la n t in g  o f  
slow -grow ing  hardwood s p e c i e s  such  a s  maple (Acer p se u d o p la ta n u s  L . ) ,  
basswood ( T i l i a  p a r v i f o l i a  E h r h . ) ,  ironwood (C arp in u s  b e tu lu s  L . ) ,  b l a c k  
a l d e r  (Alnus g l u t i n o s a  G a e r t n . ) ,  a sh  (F ra x in u s  e x c e l s i o r  L . ) ,  beech  
(Fagus s i l v a t i c a  L . ) ,  and sh ru b s  such  a s  e l d e r  (Sambucus n ig r a  L . ) ,  
euonymus (Evonymus v e r r u c o s a  S c o p . ) ,  f i l b e r t  (C o ry lu s  a v e l l a n a  L . ) ,  
and c u r r a n t  (R ibes rubrum L . )  f o r  s o i l  p r o t e c t i o n  and f o r  sp eed in g  o f  
n a t u r a l  p ru n in g  o f  p o p la r s  i s  a d v is e d  (Bogdanov 1968, P rav d in  and 
F il im onova  1960).
Poland
To e s t a b l i s h  p l a n t a t i o n s  on s i t e s  s u b j e c t  t o  f lo o d in g  i n  P o lan d , 
Glyda (1948) recommended p l a n t i n g  o n e -o r  tw o - y e a r - o ld  p o p la r  s e e d l in g s  
(4 t o  6 f e e t  t a l l )  i n  h o le s  16 in c h e s  sq u a re  and 2 f e e t  d eep . T h ree -  
y e a r - o ld  s e e d l in g s  (8  t o  11 f e e t  t a l l )  sh o u ld  be p la n te d  i n  h o le s  
d e e p e r  th a n  2 f e e t .  F or o u t - p l a n t i n g ,  c a r e  m ust be ta k e n  t o  u se  on ly  
h e a l t h y  and w e ll- fo rm ed  s e e d l i n g s ,  and t h e i r  r o o t  c o l l a r s  must be s e t  
a t  l e a s t  6 in c h es  below th e  ground s u r f a c e .  The method o u t l in e d
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r e s u l t s  In  a h ig h  p e rc e n ta g e  o f  s u r v i v a l .  I n  a d d i t i o n ,  t h e  c le a n in g  
o f  sod and o th e r  v e g e t a t i o n  i n  a r a d i u s  o f  1 .5  t o  2 f e e t  around th e  
s e e d l in g s  i s  an  im p o r ta n t  t r e a tm e n t  w hich  w i l l  h e lp  th e  s u c c e ss  o f  
p l a n t a t i o n s .
For com m ercial p l a n t a t i o n s  i n  P o la n d ,  Glyda (1948) recommended 
a  1 6 .4  by 1 6 . 4 - f o o t  s p a c in g .  T h is  s p a c in g  w i l l  be a d eq u a te  f o r  th e  
developm ent o f  th e  t r e e s  u n t i l  th e  t im e  o f  th e  f i r s t  t h in n in g  ( a t  th e  
age o f  2 0 ) .  Each a l t e r n a t e  d ia g o n a l  row o f  t r e e s  i s  th e n  removed and 
a 2 3 .1  by 2 3 . 1 - f o o t  s p a c in g  i s  a t t a i n e d .  By u s in g  th e  same p rocedure  
a t  th e  second t h i n n in g  ( a t  th e  age o f  4 0 ) ,  t h e  sp ac in g  i s  e n la r g e d  
t o  3 2 .8  by 32 .8  f e e t .
F o r  p r o t e c t i n g  t h e  s o i l  and f o r  c o n t r o l  o f  t h e  p o p la r  crown, 
u n d e r p la n t in g  o f  bassw ood, m a p le ,  o r  a s h ,  and on m o is t  s i t e s ,  a l d e r  
and w il lo w  ( S a l i x  cap rea  L . )  i s  commonly p r a c t i c e d .
Germany
Zycha e t  a l .  (1959) r e p o r t e d  t h a t  i n  West Germany s i n c e  1951 
o n ly  c e r t i f i e d  p o p la r  p l a n t i n g  s to c k  can  be o b ta in e d  from l i c e n s e d  
n u r s e r i e s .  Every y e a r  i n  l a t e  summer th e  n u r s e r i e s  a r e  v i s i t e d  by 
th e  r e p r e s e n t a t i v e s  o f  t h e  German P o p la r  S o c ie ty ,  u s u a l l y  one f o r e s t e r ,  
one s c i e n t i s t ,  and one n u r s e r y  man. These t h r e e  men t e s t  grow ing con­
d i t i o n s  o f  s t o c k ,  v e r i f y  th e  o r i g i n  o f  s p e c ie s  and c lo n e ,  and g rad e  
e ach  s i n g l e  s e e d l in g  i n  t h e  b e d .  The s e e d l in g s  w hich  do n o t  conform 
t o  th e  s ta n d a rd s  do n o t  r e c e i v e  t h e  c e r t i f i c a t e  l a b e l .  S e e d l in g s  o f  
poor form o r  d i s e a s e d  and a l l  t h o s e  w hich were grown i n  beds r i c h l y  
t r e a t e d  w i th  n i t r o g e n  f e r t i l i z e r  a r e  r e j e c t e d .  I n  a d d i t i o n ,  s e e d l in g s
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•which a r e  one y e a r  o ld  and s m a l le r  th a n  4 f e e t  and  w i th  d ia m e te r  l e s s  
th a n  0 .4  in c h  a t  4 in c h es  above th e  g ro u n d , two y e a r s  o ld  and s m a l le r  
t h a n  6 .5  f e e t  and w i th  d ia m e te r  l e s s  th a n  0 .6  i n c h  a t  3 .3  f e e t  above 
th e  g ro u n d , o r  t h r e e  y e a r s  o ld  and s m a l l e r  th a n  10 f e e t  and w i th  d ia m e te r  
l e s s  th a n  0 .9  in c h  a t  3 .3  f e e t  above th e  ground a r e  a l s o  r e j e c t e d .
I n  Germany, m o s tly  1-2 s e e d l in g s  a r e  used  t o  e s t a b l i s h  com m ercial 
p o p la r  p l a n t a t i o n s  because  o f  t h e i r  h ig h  r a t e  o f  s u r v i v a l .  U nrooted  
c u t t i n g s  a r e  v e r y  seldom used  i n  com m ercial p l a n t a t i o n s  b ecau se  o f  
t h e i r  r e l a t i v e l y  low growth p o t e n t i a l  and c o n se q u e n t  d i f f i c u l t y  i n  
r e s i s t i n g  a d v e r s e  c o n d i t io n s  o f  en v ironm en t su ch  a s  f r o s t ,  p e s t s ,  
d ro u g h t ,  and c o m p e t i t io n .  Though t h e  t e c h n iq u e  o f  p l a n t i n g  c u t t i n g s  
i s  s im p le  and i n i t i a l  in v es tm en t i s  r e l a t i v e l y  low , c o s t s  o f  m a in te ­
nance  o f  such  p l a n t a t i o n s  d u r in g  th e  f i r s t  two y e a r s  ( r e p l a n t i n g , ,  
com ple te  w eedings  and c u l t i v a t i o n s ,  p e s t  c o n t r o l ,  p r o t e c t i o n  a g a i n s t  
w i l d l i f e ,  and th e  te n d in g  o f  th e  sh o o t  form by p ru n in g  th e  tw in s  and 
f o r k s )  a r e  d i s p r o p o r t i o n a t e l y  e x p en s iv e  i n  com parison  w i th  th e  r e s u l t s  
w hich  can be ach ie v e d  d u r in g  th e  same p e r io d  o f  t im e  by p l a n t i n g  1-2 
s e e d l i n g s .  The use  o f  1-1 s e e d l in g s  i s  n o t  p o p u la r  f o r  t h e  same 
r e a s o n .  However, p l a n t i n g  o f  c u t t i n g s  o r  1-1 s e e d l i n g s  i s  recommended 
i n  th e  a f f o r e s t a t i o n  o f  s p o i l  banks o r  o th e r  b a r e  l a n d s .
S i t e  p r e p a r a t i o n  c o n s i s t i n g  o f  lan d  c l e a r i n g ,  deep  p lo w in g , and 
d ig g in g  o f  p l a n t i n g  h o le s  i s  u s u a l l y  done d u r in g  th e  growing sea so n  
p re c e d in g  p l a n t i n g .  B ro ad cas t  l im in g ,  i f  n e e d e d ,  i s  c a r r i e d  ou t 
im m ed ia te ly  a f t e r  p low ing . I n  e a r l y  s p r in g  b e f o r e  p l a n t i n g ,  a d d i t i o n a l  
c u l t i v a t i o n  and harrow ing  a re  co n d u c ted .  The s i z e  o f  th e  p l a n t i n g
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h o le s  depends upon th e  age  o f  s e e d l i n g s :  1 6 -b y -1 6 -b y -1 6 - in c h  h o le s
f o r  1-1 s e e d l i n g s ,  2 4 -b y -2 4 -b y -2 4 - in c h  h o le s  f o r  1-2 o r  2-2  s e e d l i n g s ,  
and 2 8 -b y -2 8 -b y -2 8 - in c h  h o le s  f o r  2 -3  o r  3-3  s e e d l i n g s .  H oles o f  “l a r g e r  
d ia m e te r  and d e p th  a r e  d r i l l e d  by a m ech a n ic a l  a u g e r .  The e x c a v a te d  
s o i l  rem ains  on th e  ground s u r f a c e  f o r  w e a th e r in g  u n t i l  t h e  n e x t  s p r in g  
when th e  p l a n t i n g  i s  made. At th e  t im e  o f  p l a n t i n g ,  t h e  e x c a v a te d  s o i l  
i s  mixed w i th  a s o - c a l l e d  s t a r t e r - f e r t i l i z e r ;  i . e . ,  a  h u m u s - f e r t i l i z e r ,  
h y p e rp h o s p h a te ,  and ca lc iu m  c a rb o n a te  a t  th e  r a t e  o f  a p p ro x im a te ly  4 
ounces o f  each  p e r  c u b ic  f o o t  o f  s o i l .  W hile  p l a n t i n g ,  t h e  r o o t s  
a r e  s h o r te n e d  t o  f i t  th e  p l a n t i n g  h o le  and th e  s e e d l in g s  a r e  p la c e d  i n  
t h e  h o le s  i n  such  a way t h a t  r o o t  c o l l a r s  rem ain  below t h e  ground 
s u r f a c e  a t  l e a s t  8 , 12 and 16 in c h e s ,  r e s p e c t i v e l y  f o r  o n e ,  tw o- and 
t h r e e - y e a r - o l d  r o o t  sy s te m s .
Square  sp a c in g s  a r e  p r e f e r r e d  i n  Germany. They v a r y  from' 13- b y - 13 
f e e t  t o  2 0 -b y -2 0  f e e t  depend ing  on th e  s i t e ;  w id e r  s p a c in g s  a r e  used  
on p o o re r  s i t e s .  The e q u i l a t e r a l  t r i a n g u l a r  s p a c in g  sy s tem  used  i n  
I t a l y  and i n  Y u g o s lav ia  i s  n o t  p o p u la r  t h e r e .
The u n d e r p la n t in g  o f  a m odera te  number (150 t o  200 p e r  a c r e )  o f  
s e e d l in g s  o f  f i l l e r  t r e e s  and s h ru b s ,  u s u a l l y  one o r  two y e a r s  a f t e r  
p l a n t i n g  p o p l a r s ,  i s  becoming a f r e q u e n t  p r a c t i c e .  The c h o ic e  o f  
s p e c i e s  depends upon th e  s i t e .  On s o i l s  poor i n  n i t r o g e n ,  b la c k  
l o c u s t  (R o b in ia  p se u d o a c a c ia  L . )  i s  p r e f e r r e d ;  on w et s o i l s ,  b la c k  
a l d e r  i s  s u g g e s te d ;  and on f r e s h  s o i l s ,  elm (Ulmus c a m p e s t r i s  L . ) ,
m a p le ,  bassw ood, and beech  a r e  p l a n t e d .  P l a n t in g  o f  a sh , ,  b i r c h  
(B e tu la  v e r r u c o s a  E h rh . ) ,  oak (Quercus p e d u n c u la ta  E h rh . ) ,  o r  any 
ty p e  o f  c o n i f e r s  i s  n o t  a d v i s e d .
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A rg e n t in a
I n  A rg e n t in a  (C e lu lo sa  A rg e n t in a  1965), p l a n t i n g  o f  2 - f o o t - l o n g  
c u t t i n g s  20  in c h e s  deep i n  c u l t i v a t e d  s o i l  i s  a  s t a n d a r d  method 
f o r  e s t a b l i s h i n g  p o p la r  p l a n t a t i o n s .  C u t t in g s  a r e  p re p a re d  from w e l l -  
formed and h e a l t h y  one- o r  tw o -y e a r -o ld  p o p la r  s h o o ts  grown i n  a 
n u r s e r y .  S pac ings  o f  12-by-12 o r  16-by-16 f e e t  were u sed  u n t i l  1965. 
S in c e  th e n  o n ly  1 6 -b y -1 6 ~ fo o t  sp a c in g s  have been  u s e d .
U n ite d  S t a t e s  o f  America
P l a n t i n g  o f  2 0 - in c h - lo n g  c u t t i n g s  a t  a  d e p th  o f  16 in c h e s  i n  
p r e v i o u s l y  c u l t i v a t e d  s o i l  i s  a commonly u sed  te c h n iq u e  f o r  e s t a b l i s h ­
in g  cottonw ood p l a n t a t i o n s  i n  th e  s o u th e a s t e r n  p a r t  o f  th e  U n ited  
S t a t e s  (M a isen h e ld e r  1960, McKnight 1970). T h is  t e c h n iq u e  r e q u i r e s  
v e r y  l a b o r io u s  s i t e - p r e p a r i n g  o p e r a t i o n s .  A co m p le te  la n d  c l e a r i n g ,  
w in d ro w in g , and s l a s h  b u rn in g  must be done on c u to v e r  f o r e s t  l a n d s .
I n  a d d i t i o n  c r o s s - s u b s o i l i n g  i s  n e c e s s a r y  on heavy and compact s o i l s .  
A f t e r  p l a n t i n g ,  a  c o s t l y  w eeding i s  i n d i s p e n s a b l e .  O f te n  th e  p l a n t a ­
t i o n  needs  t h r e e  c u l t i v a t i o n s  d u r in g  i t s  f i r s t  s e a s o n .  The above 
o p e r a t io n s  r e q u i r e  heavy equ ipm ent,  w hich may be a v a i l a b l e  o n ly  t o  
l a r g e  companies (King 1962, Capel and Coffman 1966, McKnight 1970). 
Dannenberg (1970) e s t im a te d  t h a t  f o r  s u c c e s s f u l  e s t a b l i s h m e n t  o f  1 ,2 5 0  
a c r e s  o f  cottonw ood p l a n t a t i o n  each  y e a r ,  an  in v e s tm e n t  o f  6 9 ,0 0 0  
d o l l a r s  ( i n  equipm ent o n ly )  i s  n e c e s s a r y .  The c o s t  o f  s i t e  p r e p a r a ­
t i o n ,  p l a n t i n g ,  and weed and i n s e c t  c o n t r o l  d u r in g  t h e  f i r s t  y e a r  
(w i th o u t  th e  c o s t  o f  equipm ent a m o r t i z a t io n )  amounts t o  $108 .00  p e r  
a c r e  o f  p l a n t a t i o n .  Of t h i s  am ount, $75 .00  i s  s p e n t  f o r  s i t e
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p r e p a r a t i o n  (McKnight 1970).
S e r io u s  problem s a r e  a s s o c i a t e d  w i th  e s t a b l i s h i n g  cottonw ood 
p l a n t a t i o n s  on b a t t u r e  land  ( th e  la n d  ly in g  betw een th e  w a te r c o u r s e s  
and th e  l e v e e s ,  t h e r e f o r e  u n p r o te c te d  from f l o o d i n g ) .  C u t t in g s  w i th  
s e c t i o n s  2 t o  4 in c h es  above g round , p la n te d  by th e  s ta n d a r d  m ethod, 
may be  b u r i e d  s e v e r a l  in c h e s  deep a s  a  r e s u l t  o f  s i l t a t i o n .  S e e d l in g s  
o r  c u t t i n g s  w i th  p a r t s  2 to  3 f e e t  above th e  ground may have  enough 
t im e  t o  l e a f  o u t ,  b u t  th e n  th e y  may be cov ered  by r i s i n g  w a te r  and be 
k i l l e d .  P l a n t i n g  10- t o  1 5 - f o o t - t a l l  s e e d l in g s  a l s o  does n o t  p roduce  
s a t i s f a c t o r y  r e s u l t s  b ecau se  o f  p o o r  r e s i s t a n c e  to  th e  im pac t o f  w a te r .  
I n  such  c a s e s ,  McKnight (1970) su g g e s te d  e a r l y  f a l l  p l a n t i n g  o f  o n e -  
o r  tw o -y e a r -o ld  s a p l i n g s  16 t o  20 f e e t  t a l l  w i th  sh o r te n e d  r o o t s  and 
c o m p le te ly  pruned  b ran c h es  i n  4 0 - in c h -d e e p  and 8 - in c h  d ia m e te r  h o le s  
p re p a re d  w i th  a  m ech an ica l  a u g e r  when th e  s i t e  i s  d ry .
S e l e c t i o n  o f  C u t t in g s  
N u rse ry  te c h n iq u e  f o r  co ttonw ood c u t t i n g  p ro d u c t io n  has  b een  d i s ­
c u ss e d  i n  d e t a i l  by Moore (1 9 5 8 ) ,  M a ise n h e ld e r  (1960) and T u rn e r  (1 9 7 0 ) .
M a ise n h e ld e r  (1960) recpmmended t h a t  c u t t i n g s  f o r  th e  e s t a b l i s h ­
ment o f  l a r g e  p l a n t a t i o n s  be  p re p a re d  from dormant o n e - y e a r - o ld  
s w i tc h e s  grown i n  a  n u r s e r y .  C u t t in g s  20 in c h es  lo n g  and 3 /8  t o  3 /4  
in c h  i n  d ia m e te r  a t  t h e  sm a l l  end a r e  most s u i t a b l e  f o r  com m ercial 
p l a n t i n g .  They sh o u ld  be  s t r a i g h t  and  w i th o u t  any s ig n s  o f  d i s e a s e s  
o r  damage by tw ig  b o r e r  (Gypsonoma h a im bach iana  K e a r f o o t ) .
M a ise n h e ld e r  (1960) b e l i e v e d  t h a t  f o r  sm a l l  p l a n t a t i o n s ,  up to  a
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few thousand  t r e e s , c u t t i n g s  o f  u n ifo rm  s i z e  ta k e n  from on e -  o r  two- 
y e a r - o ld  w i l d i n g s ,  o r  from s p r o u ts  o r i g i n a t i n g  w i t h i n  6 in c h e s  o f  
th e  r o o t  c o l l a r  on stumps o f  t r e e s  n o t  o ld e r  th a n  f i v e  y e a r s ,  can  
be  used  s u c c e s s f u l l y .  He d id  n o t  recommend f i e l d - p l a n t i n g  c u t t i n g s  
t a k e n  from  o n e - y e a r - o ld  wood i n  th e  crowns o f  t r e e s  o ld e r  th a n  th r e e  
y e a r s  b ecau se  o f  t h e i r  p o o r  s u r v i v a l .
Hofman (1912) found t h a t  c u t t i n g s  ta k e n  from th e  top  o f  th e  crown 
o f  an  o ld  t r e e  had low p e rc e n ta g e  o f  s u r v i v a l  and produced sm a l l  t r e e s .  
I n  h i s  o p in io n ,  th e  b e s t  c u t t i n g s  f o r  e s t a b l i s h i n g  cottonwood p l a n t a ­
t i o n s  i n  M in n eso ta  w ere  th o s e  ta k e n  e i t h e r  from s p r o u ts  o r  o n e -y e a r -  
o ld  b ra n c h es  o f  v ig o ro u s  t r e e s  n o t  o ld e r  th a n  t h r e e  y e a r s .  The 
d ia m e te r  o f  th e  c u t t i n g s  sh o u ld  n o t  be s m a l l e r  th a n  1 /2  in c h  and th e  
le n g th  o f  c u t t i n g  n o t  s h o r t e r  th a n  18 in c h e s .  I n  a d d i t i o n ,  he  
o b se rv ed  t h a t  2 4 - in c h - l c n g  c u t t i n g s  a r e  most s u i t a b l e  f o r  t h i s  p u rp o s e .  
However, i n  rough  s i t e  c o n d i t i o n s ,  such  a s  w i th  e r o s io n  o r  w i th  s t r o n g  
c o m p e t i t io n ,  t h i c k e r  and lo n g e r  c u t t i n g s  a r e  p r e f e r a b l e .
Sm ith  e t  a l .  (1956) i n v e s t i g a t e d  th e  i n f l u e n c e  o f  th e  p o s i t i o n  i n  
t h e  crown o f  p o p la r  t r e e s  from w hich c u t t i n g s  were ta k e n  on grow th  o f  
r a m e t s . The c u t t i n g s  w hich  o r i g i n a t e d  from on e -  o r  tw o -y e a r -o ld  
l e a d e r  s h o o ts  p roduced  s i g n i f i c a n t l y  l a r g e r  ram ets  th a n  th o s e  w hich 
grew from c u t t i n g s  ta k e n  from tw o -y e a r -o ld  b ra n c h e s .  A lthough  th e  
c u t t i n g s  w ere  s m a l l  (3 t o  6 in c h es  l o n g ) ,  d o u b l in g  th e  l e n g th s  o f  
c u t t i n g s  in c r e a s e d  h e i g h t  grow th o f  ram e ts  by 56 p e r c e n t .  The t a l l e s t  
ra m e ts  w ere  p roduced  by 6 - in c h - lo n g  c u t t i n g s  from o n e - y e a r - o ld  le a d e r  
s h o o t s .
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B r is c o e  (1963) s tu d i e d  th e  e f f e c t s  o f  th e  p o s i t i o n  from w hich 
c u t t i n g s  w ere  ta k e n  i n  a  cottonw ood s w i tc h  and th e  d a t e  o f  c o l l e c t i o n  
and p l a n t i n g  o f  th e  c u t t i n g s  on t h e i r  r o o t i n g  a b i l i t y  and g row th . He 
found t h a t  b o th  b u t t - c u t t i n g s  and s e c o n d -c u t  c u t t i n g s  ro o te d  b e s t  
when th e y  w ere  c o l l e c t e d  and p l a n t e d  d u r in g  th e  p e r io d  from O ctober  
t o  December. O th e rw is e ,  b u t t - c u t t i n g s  ro o te d  b e t t e r  th a n  s e c o n d -c u t  
c u t t i n g s .
Alonzo and Sancho (1964) s tu d i e d  th e  i n f l u e n c e  o f  p o s i t i o n  i n  th e  
s w i tc h  from  w hich  a  c u t t i n g  was ta k e n  on growth o f  p o p la r  and w il lo w  
r a m e ts .  The p u rp o se  o f  th e  s tu d y  was to  d e te rm in e  th e  u t i l i z a t i o n  r a t i o  
o f  s w i tc h e s  f o r  p r o d u c t io n  o f  c u t t i n g s  w hich would grow a t  e q u a l  r a t e s .  
The r e s u l t s  o f  th e  s tu d y  showed t h a t  66 to  90 p e r c e n t  o f  th e  t o t a l  
l e n g th  o f  a  p o p la r  sw i tc h  can  be used  f o r  such  c u t t i n g s ;  th e  l e n g th  o f  
t h i s  p o r t i o n  depends on s p e c ie s  o r  c lo n e .  The to p  p o r t i o n s  (10 to  20 
p e r c e n t  o f  t h e  t o t a l  s w i tc h  l e n g t h ) ,  and i n  some s p e c i e s  th e  b a se  
p o r t i o n s  (a b o u t  20 p e r c e n t )  o f  a  s w i tc h ,  w ere  u s e l e s s  f o r  c u t t i n g s  
b e c a u s e  o f  t h e i r  poo r g row th . The e f f e c t  o f  c u t t i n g  d ia m e te r  on th e  
grow th o f  ram e ts  was n o t  s i g n i f i c a n t .  W illow c u t t i n g s  grew to  e q u a l  
h e i g h t s  r e g a r d l e s s  o f  t h e i r  d ia m e te r s  and th e  p o s i t i o n s  i n  t h e  s w i tc h  
from w here  th e y  were ta k e n .
U sing  c u t t i n g s  o f  random ly s e l e c t e d  cottonw ood c l o n e s ,  W ilcox  and 
Farm er (1967 and 1968) have shown t h a t  h ig h ly  s i g n i f i c a n t  v a r i a t i o n s  
e x i s t  among c lo n e s  i n  su ch  h e r i t a b l e  c h a r a c t e r i s t i c s  a s  e a r l y  grow th 
i n  h e i g h t  and d ia m e te r ,  number o f  b ra n c h e s ,  r o o t i n g ,  f o l i a t i o n  d a t e ,  
and r u s t  r e s i s t a n c e .
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Morphology o f  Root System 
L i t e r a t u r e  r e l a t e d  to  s t u d i e s  o f  r o o t  system s o f  co ttonw ood and 
p o p la r s  i s  s c a r c e .  Some in f o r m a t io n  c o n c e rn in g  th e  r o o t  anatomy o f  
p o p la r s  c a n  be  found i n  th e  works o f  Eames and MacDaniels (1947) and 
G u t te n b e rg  (1 9 6 0 ) .
Hofman (1912) found t h a t  co ttonw ood s e e d l in g s  growing in  sandy 
s o i l s  h a v in g  d ry  s u r f a c e  l a y e r s  d eve loped  deep t a p r o o t s .  T h is  was 
c o n t r a r y  t o  t h e  common o p in io n  a t  th e  t im e  t h a t  th e  cottonw ood r o o t  
sy s te m  i s  w id e ly  sp read  w i t h i n  th e  s u r f a c e  s o i l .  Y e t ,  i t  seems t h a t  
b o th  o p in io n s  a r e  c o r r e c t .
May (1959) made e x c a v a t io n s  o f  r o o t  sy stem s o f  t h r e e - y e a r - o l d  
p o p la r s  p l a n t e d  up to  14 f e e t  deep i n  s o i l  composed o f  94 t o  99 p e r ­
c e n t  s a n d .  He found t h a t  r o o t  sy stem s o f  most t r e e s  were  d ev e lo p e d  i n  
two d i s t i n c t  z o n e s .  The u p p e r  r o o t  zone  c o n s i s t e d  o f  v e ry  lo n g  r o o t s  
w i th  a  s m a l l  number o f  a b s o r p t i v e  r o o t l e t s  w hich  were sp re a d  i n  t h e  
s o i l  1 to  4  f e e t  below t h e  ground s u r f a c e ,  and th e  lower r o o t  
zone c o n s i s t e d  o f  numerous s h o r t  r o o t s  w i th  d ense  r o o t l e t s  10 t o  
15 f e e t  be low  t h e  ground s u r f a c e .  Some t r e e s  had more th a n  two r o o t  
z o n e s . T ree s  p l a n t e d  a t  d e p th s  l e s s  th a n  14 f e e t  had deve loped  
deep t a p r o o t s .  Only a few r o o t s  e x ten d ed  i n t o  th e  upper  zone and th e y  
w ere  v e r y  p o o r ly  d ev e lo p e d .
S ik a  and Mraz (1964) made a  c o m p ara t iv e  s tu d y  o f  t h e  m o rp h o lo g ic a l  
s t r u c t u r e s  o f  main r o o t  system s and th e  d i s t r i b u t i o n  o f  l a t e r a l  r o o t s  
i n  s o i l  b lo c k s  6 t o  9 f e e t  deep lo c a t e d  b e n e a th  crown p e r im e te r s  i n  
ev en -ag ed  hardwood s ta n d s  composed o f  two p o p la r  c lo n e s  (P. x e u r a m e r i -
cana Dode , G u in ie r  c v . 'm a r i l a n d ic a , '  and P . x  e u ram erican a  Dode , 
G u in ie r  c v . ' r o b u s t a ' ) ,  and o th e r  hardwood s p e c ie s .  They found  s i g ­
n i f i c a n t  v a r i a t i o n s  in  th e  d i s t r i b u t i o n  p a t t e r n s  in  ro o ts  o f  d i f f e r e n t  
s i z e s  among th e  s p e c i e s .  The lo n g e s t  l a t e r a l  r o o ts  w ere in  P . c v . 
'm a r i la n d ic a ' (40 f t  a v e . from  stum p) and in  P.. c v . ' r o b u s t a '  (25 f t  
a v e . ) .  About 55 p e rc e n t  o f  l a t e r a l  r o o ts  o f  P . c v . 'm a r i la n d ic a ' and 
a b o u t 40 p e rc e n t  o f  r o o ts  o f  P . c v . ' r o b u ; t a '  w ere d i s t r i b u t e d  in  th e  
s o i l  from  2 to  18 in c h e s  d eep . The p o p la r  c lo n e s  had th e  s m a l le s t  co n ­
c e n t r a t i o n  o f  r o o t s  l e s s  th a n  1 m i l l im e te r  in  d ia m e te r  p e r  u n i t  a r e a  
o f  s u r f a c e  s o i l .  The P . c v . 'm a r i la n d ic a ' c lo n e  dev elo p ed  s in g l e  ta p  
r o o ts  a b o u t s i x  f e e t  d e ep . The P . c v . 'r o b u s t a '  c lo n e  had s e v e r a l  t a p ­
r o o t s ,  and th e y  w ere  th e  d e e p e s t r o o ts  (o v e r 7 f e e t )  o f  a l l  s p e c ie s .
The a u th o rs  co n c lu d ed  th a t  in  p u re  p o p la r  s ta n d s  th e  s o i l s  a r e  n o t  f u l l y  
u t i l i z e d  and t h a t  p o p la rs  a r e  much more s e n s i t i v e  to  c o m p e ti t io n  in  
th e  crowns th a n  in  th e  rh iz o s p h e r e .
R o o tin g  o f  C u tt in g s  
R o o tin g  o f  s tem  c u t t i n g s  i s  an  im p o r ta n t means o f  v e g e ta t iv e  
p ro p a g a tio n  p r a c t i c e d  in  f o r e s t r y  and h o r t i c u l t u r e  f o r  mass p ro d u c t io n  
o f  im proved p l a n t in g  s to c k  w i th in  a  s h o r t  tim e .
The r o o t in g  a b i l i t y  o f  stem  c u t t i n g s  v a r i e s  c o n s id e ra b ly  w ith  
in d iv id u a l  t r e e s ,  th e  p o s i t i o n  in  th e  crown from  w hich c u t t i n g s  w ere  
ta k e n , and w ith  s e a s o n . A ccord ing  to  Cunnigham (1 9 5 3 ), th e  r o o t in g  
a b i l i t y  o f  co ttonw ood c u t t in g s  depends on th e  c lo n e .
S h a p iro  (1958) r e p o r te d  t h a t  r o o t s  in  P o p u lu s  n ig r a  L . ap p ea re d
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a lo n g  th e  e n t i r e  le n g th  o f  c u t t in g s  ta k e n  from  dorm ant t r e e s  b u t o n ly  
a t  th e  b a se  o f  th o s e  c u t t in g s  ta k e n  from  a c t i v e  grow th in  th e  s p r in g .
B a la  e t  a l .  (1970) found th a t  s e a s o n a l r o o t in g  p o t e n t i a l  o f  stem  
c u t t i n g s  was r e l a t e d  to  s t a r c h  c o n te n t  in  c u t t i n g s .  The low r o o t in g  
was a s s o c ia te d  w ith  h ig h  s t a r c h  c o n te n t  and p r o l i f i c  r o o t in g  w ith  low 
c o n te n t  o f  s t a r c h .  T hese changes i n  s ta r c h  c o n te n t  w ere  due to  v a r i a ­
t i o n  in  th e  a c t i v i t y  o f  h y d r o l iz in g  enzym es. The r o o t in g  p ro c e s s  i s  
p re c ed e d  by a  p e r io d  o f  h ig h  s t a r c h  c o n te n t ,  fo llo w e d  by h y d ro ly s is  
o f  th e  s t a r c h ,  and an  in c r e a s e  in  th e  c o n te n t  o f  s o lu b le  c a rb o h y d ra te s  
and t h e i r  su b se q u e n t d e c re a s e  d u r in g  th e  r o o t in g  p e r io d .  T hu s, s o lu b le  
c a rb o h y d ra te s  ( s a c c h a r id e s  o r  s u g a r s )  ap p ea r to  b e  th e  e s s e n t i a l  
o rg a n ic  compounds u t i l i z e d  d u r in g  th e  developm ent o f  th e  r o o t s .
Nanda e t  a l .  (1969) r e p o r te d  t h a t  c u t t in g s  o f  P . n ig r a  L . r e q u ire d  
a t  l e a s t  th r e e  2 4 -h o u r days o f  d a rk n e ss  f o r  a  s a t i s f a c t o r y  r a t e  o f  
r o o t in g  and t h a t  th e  number o f  r o o ts  in c re a s e d  w i th  in c r e a s in g  number 
o f  days o f  d a rk n e s s .
Farm er (1966a) t e s t e d  th e  e f f e c t s  o f  t r e e ,  s e x ,  c o l l e c t i o n  d a te ,  
^ 3 - in d o ly lb u ty r ic  a c id  (IB A ), and p re se n c e  o f  f lo w e r  buds on r o o t  form a­
t i o n  by  dorm ant c u t t in g s  o f  P . d e l to id e s  B a r t r .  C u tt in g s  w ere  ta k en  
from  th e  m idd le  p o r t io n s  o f  crowns o f  t r e e s  grown in  th e  op en . The 
e x p e rim en t was co n d u cted  in  g reen h o u se  c o n d it io n s  w hich  w ere a lm o s t 
s i m i l a r  to  th o s e  in  th e  f i e l d  d u r in g  th e  summer tim e . I t  was found 
t h a t  u n t r e a te d  c u t t in g s  c o l l e c te d  in  e a r ly  F e b ru a ry  ro o te d  b e t t e r  
th a n  th o s e  ta k e n  in  Decem ber, J a n u a ry ,  o r  e a r ly  M arch. F lo w e rin g  and 
f o l i a t i o n  p reced ed  r o o t in g  in  th e  M arch c o l l e c t i o n s  and re d u c ed  th e
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r a t e  o f  r o o t in g .  Removal o f  f lo w e r buds in c re a s e d  r o o t i n g .  T r e e - to -  
t r e e  v a r i a t i o n  in  r o o t in g  was h ig h ly  s i g n i f i c a n t ,  a s  was th e  e f f e c t  
o f  IBA t r e a tm e n t .  The e f f e c t  o f  sex  was i n s i g n i f i c a n t .
M ichniew icz and K r ie s e l  (1970) in v e s t ig a te d  th e  dynam ics o f  
a u x in s ,  g i b b e r e l l i n - l i k e  s u b s ta n c e s ,  and grow th  i n h i b i t o r s  i n  th e  r o o t ­
in g  p ro c e ss  o f  P . n ig r a  L . c u t t i n g s .  They found t h a t  th e  a u x in s  a r e
o
e f f e c t i v e  a '' th e  tim e  o f  i n i t i a t i o n  and developm en t o f  r o o t  p r im o rd ia ,
c
b u t t h e r e a f t e r  th e  g ib b e r e l l i n s  become r e s p o n s ib le  f o r  p ro m o tin g  r o o t  
g ro w th . The r a t i o  o f  g ib b e r e l l i n s  (GA) to  a u x in s  (Ax) was 2 .8  in  th e  
c u t t i n g s  from  o n e -y e a r -o ld  s h o o ts  i n  th e  p e r io d  o f  developm ent o f  th e  
r o o t  p r im o rd ia  and changed to  GA:Ax = 7 3 7 .1  in  new ly d ev e lo p ed  adven­
t i t i o u s  r o o t s .  The c o n te n ts  o f  a u x in s  and g ib b e r e l l i n s  i n  th e  c u t t in g s  
from  3 - y e a r -o ld  s h o o ts  w ere low er th a n  in  th e  c u t t i n g s  from  o n e -y e a r -o ld  
s h o o ts ;  th u s  b o th  th e  number and grow th o f r o o ts  on c u t t i n g s  ta k en  
from  sh o o ts  o ld e r  th a n  one y e a r  w ere p o o r.
Sm all (1946) r e p o r te d  t h a t  t r e a t i n g  c u t t i n g s  w ith  can e  s u g a r ,  
p o ta ss iu m  p erm an g an a te , and v a r io u s  compounds o f  m anganese, i r o n ,  o r  
phosphorus im proved r o o t  p ro d u c tio n .
Nanda e t  a l .  (1971) found th a t  l e a f l e s s  c u t t i n g s  o f  P opu lus n ig r a  
L . do n o t  r o o t  w h e th er c u l tu r e d  in  p u re  w a te r ,  o r  i n  s o lu t io n s  o f  
1 .0  mg/1 o f  jS - in d o ly la c e t ic  a c id  (IAA) n o r IBA. H ow ever, th e s e  c u t t in g s  
ro o te d  when c u l tu r e d  i n  1 .0  p e rc e n t  g lu c o se  w ith  1 .0  mg/1 IBA.
The number and th e  le n g th  o f  ro o ts  in c r e a s e  w ith  in c r e a s e  in  a u x in
.5
c o n c e n t r a t io n ,  e s p e c ia l l y  o f  IBA. When used  a lo n e ,  a  10 ppm concen­
t r a t i o n  o f  IAA prom otes r o o t i n g ,  w h ile  a t  1 .0  ppm c o n c e n t r a t io n  i t
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i n h i b i t s  r o o t in g  c o m p le te ly  and p ro d u ces  a  s t im u la t in g  e f f e c t  on 
stem  grow th (Audus 19 6 3 ).
S e le c t io n  o f  S i t e
Cottonwood (P . d e l to id e s  B a r t r . )  t h r i v e s  i n  a  la r g e  v a r i e t y  o f  
c l im a t i c  and e d ap h ic  c o n d i t io n s ,  such  a s  may be  found  in  th e  v a l le y s  
o f  th e  M isso u r i R iv e r  in  N orth  D ak o ta , th e  C h a ttah o o ch ee  R iv e r  in  
G e o rg ia , th e  S t .  Law rence R iv e r in  New Y ork , th e  B razos R iv e r  in  T ex as , 
and c h i e f ly  in  th e  low er v a l le y  o f  th e  M is s i s s ip p i  R iv e r  in  M is s o u r i ,  
A rk a n sa s , M is s i s s ip p i ,  and L o u is ia n a . On th e  o th e r  h an d , co ttonw ood i s  
e x tre m e ly  e x a c t in g  i n  i t s  ed ap h ic  re q u ire m e n t when a  p a r t i c u l a r  e co ­
ty p e  and th e  v a r io u s  s o i l s  w i th in  th e  ra n g e  o f  t h i s  e co ty p e  a r e  ta k en  
i n t o  c o n s id e r a t io n .  I n  s p i t e  o f  su ch  a  p a ra d o x , a  common c h a r a c t e r i s ­
t i c  in  th e  ed ap h ic  re q u ire m e n t can  be t r a c e d  among a l l  e co ty p e s  o f  
co ttonw ood and among a l l  s p e c ie s  o f  th e  genus P o p u lu s  as  w e l l .  T h is  
c h a r a c t e r i s t i c  i s  th e  p re fe re n c e  f o r  new a l l u v i a l  ( a z o n a l ) ,  medium- 
t e x tu r e d ,  and m o is t s o i l s  by b la c k  p o p la r s  ( A ig e i r o a ) ,  A m erican 
co ttonw oods in c lu d e d , and f o r  w e l l - d r a in e d  g l a c i a l  outw ash and 
a l l u v i a l  fa n s  e s p e c i a l l y  a lo n g  th e  m arg ins o f  see p a g es  and bogs by 
w h ite  p o p la rs  (L eu c e ), a sp en  in c lu d e d .
F o r e s te r s  o f  th e  B r i t i s h  F o r e s t r y  Com m ission (1948) w ere o f  th e  
o p in io n  t h a t  p o p la r s  can  be grown on a  w ide  v a r i e t y  o f  s o i l s  ra n g in g  
from  sands to  c l a y s ,  a lth o u g h  on ex trem e s o i l  ty p e s  grow th i s  much 
s lo w er and th e  t r e e s  may n ev e r re a c h  la r g e  d im e n s io n s . N o tw ith s ta n d ­
in g ,  th e  i d e a l  s i t e  f o r  p o p la rs  i s  loamy s o i l  w ith  th e  w a te r  t a b l e
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from  2 to  5 f e e t  below  th e  ground s u r f a c e  d u r in g  th e  grow ing s e a ­
so n . No su cc e ss  can  be e x p e c te d  from  p la n t in g s  on e i t h e r  w a te r lo g g ed  
o r  a c id  s o i l s .
P ra v d in  and F ilim o n o v a  (1960) r e p o r te d  t h a t  in  B y e lo ru s s ia  (BSSR) 
and in  th e  U k ra in e  (USSR) p o p la r s  a r e  u s u a l ly  p la n te d  on n o n - f o r e s t  
la n d s  such  as b ru s h , p o o r meadows, and p a s tu r e s .  P la n t in g  p o p la rs  on 
w a te r lo g g ed  s o i l s ,  heavy  c la y  s o i l s ,  and a c id  s o i l s  i s  c o n s id e re d  
p r o h i b i t i v e .  A w a te r  t a b l e  ra n g in g  from  4 to  6 f e e t  below  th e  s u r f a c e  
was found to  be optimum f o r  grow ing p o p la r s .  Where th e  w a te r  t a b l e  i s  
s l i g h t l y  h ig h e r  th a n  4 f e e t ,  a  d ra in a g e  sy stem  i s  a d v is a b le  i f  eco ­
n o m ic a lly  f e a s i b l e .
G lyda (1948) r e p o r te d  t h a t  i n  P o lan d  i t  i s  g e n e r a l ly  a c c e p te d  t h a t  
s o i l  w hich i s  f r i a b l e ,  n e u t r a l ,  and r i c h  i n  o rg a n ic  m a t te r  and w ith  a  
w a te r  t a b l e  a b o u t 40 in c h e s  below  th e  ground s u r f a c e  i s  th e  b e s t  f o r  
grow ing p o p la r s .  Where th e  w a te r  t a b l e  i s  n e a r ly  2 f e e t  below  th e  
s u r f a c e ,  d ra in a g e  i s  n e c e s s a r y ;  and w here th e  s o i l  i s  m o d e ra te ly  a c id ,
2 pounds o f  lim e mixed i n  th e  s u r f a c e  s o i l  a ro u n d  th e  s e e d l in g  w i l l  
p ro v id e  s a t i s f a c t o r y  im provem ent o f  s o i l  c o n d i t io n .  P la n t in g  p o p la rs  
e i t h e r  in  d ry  sandy  s o i l  o r  i n  com pact c la y  s o i l  i s  po o r p r a c t i c e .
German f o r e s t e r s  pay much a t t e n t i o n  to  th e  s e l e c t i o n  o f  a  p ro p e r  
s i t e  f o r  p la n t in g  p o p la rs  (Zycha e t  a l .  1 9 5 9 ). F o r  b la c k  p o p la rs  
a l l u v i a l  m ed iu m -tex tu red  s o i l s  w hich  a r e  r i c h  i n  b a se  e lem en ts  and 
n e a r ly  n e u t r a l ,  u s u a l ly  found i n  th e  l a r g e r  r i v e r  v a l l e y s ,  a r e  con­
s id e r e d  th e  m ost s u i t a b l e  s i t e s .  Those s i t e s  w here r e g u la r  se d im e n ta ­
t i o n  ta k e s  p la c e  and w ith  ground  w a te r  c o n ta in in g  a t  l e a s t  50 ppm o f
c a lc iu m  a r e  m ost f a v o r a b le .  The w a te r  t a b l e  d u r in g  th e  g row ing  se a so n  
sh o u ld  n o t be  h ig h e r  th a n  20 in c h e s  below  th e  ground s u r f a c e ,  and  th e  
speed  o f  th e  w a te r  flo w  sh o u ld  n o t be  s lo w er th a n  6 .5  f e e t  p e r  d ay .
I n  s o i l s  w i th  h ig h  c o n te n t  o f  o rg a n ic  m a t te r ,  as  i n  low m oors, a 
s w i f t e r  w a te r  flow  i s  r e q u i r e d .  The s o i l s  w ith  v e ry  s low  l a t e r a l  move­
ment o f  ground w a te r  a r e  h a rm fu l to  p o p la r s .  S o i l s  c o n ta in in g  s t a g ­
n a te d  w a te r  p r e c lu d e  grow th e n t i r e l y ,  e s p e c i a l l y  d u r in g  th e  h o t  p a r t  o f  
th e  grow ing s e a s o n . Among th e  s i t e s  w hich  a r e  n o t in f lu e n c e d  by 
f l u v i a l  w a te r ,  th o s e  w ith  brown s o i l s  c o n ta in in g  p a r t i c l e s  form ed from  
g r a n i t e ,  b a s a l t ,  s i l i c a  s a n d s , and lo e s s ,  w ith  pH h ig h e r  th a n  5 , a r e  
q u i te  p ro m is in g  f o r  grow ing p o p la r s .  S o i l s  w ith  a  h ig h  c la y  c o n te n t ,  
though r i c h  i n  b a se  e le m e n ts , sh o u ld  be ex c lu d ed  from  program s f o r  
a f f o r e s t a t i o n  by b la c k  p o p la r s .  C lay  s o i l s ,  i f  m o d e ra te ly  m o is t ,  sh o u ld  
be p la n te d  w ith  ba lsam  p o p la rs  o r  w i th  t h e i r  h y b r id s .  P la n t in g  p o p la r s  
on re n d z in a s  and on s o i l s  w hich  e x h ib i t  p o d z o l iz a t io n  i s  n o t  a d v is a b le  
b ecau se  o f  t h e i r  com p ac tio n  a n d /o r  low w a te r -h o ld in g  c a p a c i ty .  S u r­
p r i s i n g l y  good grow th r e s u l t s  w ere  o b serv ed  w ith  b la c k  p o p la r s  p la n te d  
on l i t h o s o l  w hich  re c e iv e d  enough m o is tu re  from  th e  m oun ta in  s lo p e .
I n  A rg e n t in a ,  th e  a l l u v i a l  p la in s  and th e  c o a s t a l  m a rsh lan d s  o f  
th e  R iv e r  P a ra n a  D e l ta  a r e  th e  s i t e s  w here th e  p o p la rs  have  been  
p la n te d  s in c e  th e  tim e  o f  t h e i r  in t r o d u c t io n  a t  th e  b e g in n in g  o f  t h i s  
c e n tu r y .  The m arsh lan d s  w ith  th e  w a te r  t a b l e  o f te n  a t  20 in c h e s  below  
th e  ground s u r f a c e  a r e  d ra in e d  by a  sy stem  o f  c a n a ls  and  d i t c h e s  
b e fo re  th e y  can  be p low ed , c u l t i v a t e d ,  and re c la im e d  f o r  a f f o r e s t a t i o n  
w ith  p o p la r s  (C e lu lo sa  A rg e n tin a  1 9 6 5 ).
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M a ise n h e ld e r  (1960) c o n s id e re d  m o is t ,  w e l l - d r a in e d ,  f in e  sandy  
loams o r  s i l t s  i n  th e  b a t t u r e  o f  th e  M is s is s ip p i  D e lta  a s  th e  b e s t  
s i t e s  f o r  grow ing co ttonw ood , a lth o u g h  th e  h e a v ie r  s o i l s  o f  g en tle , 
s lo p e s  b o rd e r in g  swamps o r  s lo u g h s  may su p p o r t s a t i s f a c t o r y  grow th  
o f  t r e e s .  P o o r ly  d ra in e d  s o i l s ,  such  a s  heavy c la y  "buckshot'*  w hich  
d ry  o u t and c ra c k  in  th e  l a t e  summer, a r e  l e s s  f a v o r a b le .  Growth o f  
co ttonw ood  on such  s o i l s  i s  two to  th re e  iim es s lo w er th a n  on m o is t 
loam  s o i l s .  Low swampy s i t e s  w here  f lo o d  w a te rs  c o v e r th e  s m a ll  t r e e s  
c o m p le te ly  f o r  s e v e r a l  days d u r in g  th e  grow ing sea so n  a r e  e n t i r e l y  
u n s u i t a b l e .  R idges o f  c o a r s e  sand  (fo rm er s a n d b a rs )  a r e  u s e le s s  f o r  
co tto n w o o d . Cottonwood does n o t s u rv iv e  n o r grow i n  th e  s m a ll  bo ttom s 
o f  u p la n d  hardwood o r p in e  a r e a s .
B ro a d fo o t (1960) b a sed  h i s  m ethods f o r  e v a lu a t in g  co ttonw ood  
s i t e s  on p e d o g e n e tic  c h a r a c t e r i s t i c s  o f  l o c a l i t y ,  s o i l  t e x t u r e ,  i n t e r n a l  
d r a in a g e ,  and in h e re n t  m o is tu re  c o n d i t io n s .  The in h e r e n t ly  m o is t 
s o i l s  o f  medium te x tu r e  w ith  good i n t e r n a l  d ra in a g e  w ere c l a s s i ­
f i e d  a s  th e  b e s t  s i t e  f o r  co ttonw ood ( S i te  In d ex  120 a t  age  3 0 ) ,  and 
th e  i n h e r e n t ly  d ry  s o i l s  o f  f in e  t e x tu r e  w ith  poor i n t e r n a l  d ra in a g e  
a s  th e  p o o r e s t  s i t e  ( S i t e  In d e x  9 0 ) .
B ro a d fo o t (1964) h as  fo rm u la te d  a c l a s s i f i c a t i o n  o f  s u i t a b i l i t y  
o f  s o i l s  f o r  hardw oods in  th e  M id -S o u th , w hich he b ased  on th e  f r e ­
quency o f  th e  o c c u rre n c e  o f  each  s in g le  hardwood s p e c ie s  on a  p a r t i c u ­
l a r  s e r i e s  o f  s o i l .  He to o k  i n to  c o n s id e r a t io n  th e  p a r e n t  m a t e r i a l ,  
a g e ,  t e x t u r e ,  d r a in a g e ,  p h y s io g ra p h ic  p o s i t i o n ,  s t r a t i g r a p h y ,  m o is tu re
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c o n d i t io n s ,  and pH o f  s o i l  when d e te rm in in g  th e  d e g re e  o f  s o i l  s u i t ­
a b i l i t y  f o r  a  g iv e n  hardwood s p e c ie s .  A lth o u g h  a  s ta n d a rd  s o i l - t y p e  
map may be h e lp f u l  in  making a  p re l im in a ry  s e l e c t i o n  o f  th e  s i t e ,  th e  
a d v ic e  o f  a  com peten t s o i l  s c i e n t i s t  would be d e s i r a b l e  b e fo re  a  f i n a l  
d e c i s io n  can  be made re g a rd in g  an in v e s tm e n t f o r  a f f o r e s t a t i o n  o f  a  
g iv e n  l o c a l i t y  w ith  a s e le c te d  s p e c ie s .  A cco rd in g  to  t h i s  c l a s s i f i c a ­
t i o n ,  co ttonw ood can  be fa v o re d  i n  management on s o i l  s e r i e s  such  as 
C re v a s s e , R o b in s o n v i l le ,  Commerce, Mhoon, Bowdre, T u n ic a , S h a rk ey , 
and A l l i g a t o r  in  th e  D e lta  a r e a ;  V ic k sb u rg , C o l l i n s ,  F a la y a ,  M organ- 
f i e l d ,  W av erly , A d le r ,  W akeland, B i r d s ,  and Dekoven i n  th e  Loess a r e a ;  
M a r i e t t a ,  V ero n a , C a ta lp a , W est P o in t ,  L e e p e r , and Tuscum bia in  th e  
B la ck la n d  a r e a ;  and Y ahola and Norwood i n  th e  Red a r e a .  B ro ad fo o t 
a l s o  l i s t e d  more th an  tw en ty  o th e r  s o i l  s e r i e s  i n  th e  f iv e  s o i l  a re a s  
on w hich  cottonw ood may be p ro m o ted . H ow ever, i t s  grow th sh o u ld  be 
e x p e c te d  a s  l e s s  s a t i s f a c t o r y .
M cKnight (1970) h as  s l i g h t l y  m o d if ied  th e  l i s t  o f  s o i l  s e r i e s  
l i s t e d  by B ro a d fo o t (1964) a s  s u i t a b l e  f o r  co ttonw ood  and h as  s o r te d  
them a c c o rd in g  to  t h e i r  p r o d u c t iv i ty  i n t o  t h r e e  g ro u p s: s o i l  s e r i e s
f o r  " th e  b e s t  g ro w th ,"  "good g ro w th ,"  and "m ed io cre  g ro w th ."  He co n ­
s id e r e d  t h a t  w e l l - a e r a te d  sandy loam s and s i l t  loams c o n ta in in g  abundan t 
n u t r i e n t s ,  m o is t th ro u g h o u t th e  grow ing se a so n  e s p e c i a l l y  when sub ­
j e c t e d  to  th e  n a tu r a l  o v e rflo w  o f  r i v e r  w a te r s ,  and w ith  a  w a te r  t a b le  
3 to  6 f e e t  below  th e  s u r f a c e  a re  th e  b e s t  s i t e s  f o r  grow ing co ttonw ood . 
He s t a t e d  t h a t  r id g e s  w ith  deep la y e r s  o f  san d  la c k in g  m o is tu re  d u r in g  
r a i n l e s s  p e r io d s  in  th e  summer, s o i l s  d e r iv e d  from  th e  C o a s ta l  P la in
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l im i te d  in  t h e i r  c o n te n t  o f  n u t r i e n t s ,  and d ry  c la y  s o i l s  w ith  s c a rc e  
amounts o f  o rg a n ic  m a t t e r ,  b e c a u se  o f  t h e i r  h ig h  d e g re e  o f  com paction  
and p o o r a e r a t i o n ,  a r e  a l l  u n s u i t a b le  f o r  p la n t in g  co ttonw ood . C lays 
m o is t and r i c h  in  o rg a n ic  m a t t e r ,  how ever, i f  t h e i r  p h y s ic a l  s t r u c t u r e  
i s  m a in ta in ed  by p e r io d ic  p lo w in g , may s u p p o r t  good cottonw ood grow th .
S o i l  F a c to r s  A f f e c t in g  T ree  Growth 
Commonly, when s o i l  p r o d u c t iv i t y  i s  b e in g  e s t im a te d ,  fo u r  f a c to r s  
a r e  c o n s id e re d : s o i l  t e x t u r e ,  a v a i l a b i l i t y  o f  w a te r ,  s o i l  r e a c t io n ,
and f e r t i l i t y  o f  s o i l .
R e fe ren c es  on t r e e  grow th and s o i l  c o n d i t io n  r e l a t i o n s h ip s  a r e  
in n u m erab le . Many a s p e c ts  o f  th e s e  r e l a t i o n s h i p s  w ere d is c u s s e d  
e x h a u s tiv e ly  by W ilde (1 9 5 8 ), D aubenm ire (1 9 6 7 ), C zarnow ski (1 9 6 4 ), 
and Kramer (1 9 6 9 ).
T e x tu re  and C om paction o f  S o i l
As s t a t e d  e a r l i e r ,  M a in se n h e ld e r (1960) c o n s id e re d  m o is t ,  w e l l -  
d r a in e d ,  f i n e  sandy loams o r  s i l t s  a s  th e  b e s t  s o i l s  f o r  grow ing 
co ttonw ood . P o o r ly  d ra in e d  s o i l s  su ch  a s  heavy c la y  "b u ck sh o t"  a r e  
l e s s  f a v o r a b le ,  and c o a r s e  sand  i s  u s e le s s  f o r  co tto n w o o d .
Brendem uehl (1957) found t h a t  s i t e  in d e x  a t  ag e  50 f o r  cottonw ood 
was d i r e c t l y  r e l a t e d  to  th e  s i l t  c o n te n t  in  th e  s o i l  ( r  = 0 .5 0 1 * * ), to  
s i l t  p lu s  c la y  c o n te n t  ( r  = 0 .4 9 9 * * ) , and th e  d e p th  o f  s o i l  p r o f i l e  to  
a  la y e r  w ith  more th a n  50 p e r c e n t  san d .
B ro a d fo o t and Bonner (1966) s tu d ie d  th e  e f f e c t s  o f  s o i l  com paction  
on s u r v iv a l  and grow th o f  co ttonw ood c u t t i n g s .  V ery f i n e  sandy loam
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s o i l  was com pacted to  d e n s i t i e s  o f  1 .1 ,  1 .2 ,  and 1 .6  g /c c .  A t each  
le v e l  o f  s o i l  co m p ac tio n  te n  c u t t i n g s  w ere grown f o r  a  p e r io d  o f  th r e e  
m onths. The b e s t  d ev e lo p ed  c u t t i n g s  w ere  th o s e  in  th e  s o i l  w ith  a  
b u lk  d e n s i ty  o f  1 .4  g / c c .  T h e ir  s h o o t h e ig h t s ,  sh o o t d ry  w e ig h ts ,  and 
ro o t  d ry  w e ig h ts  w ere s i g n i f i c a n t l y  g r e a te r  th a n  th o s e  o f  c u t t i n g s  
grown in  s o i l  w ith  1 .6  g /c c  b u lk  d e n s i ty .  The d i f f e r e n c e s  i n  th e  
s u r v iv a l  among th e  t r e a tm e n ts  w ere n o t  s i g n i f i c a n t .  The a u th o rs  co n ­
c luded  t h a t  o ld  f i e l d s  and o th e r  com pacted s o i l s  w ith  b u lk  d e n s i t i e s  
above 1 .6  g /c c  sh o u ld  b e  deep-p low ed  w e l l  i n  advance  o f p l a n t i n g .
B ro a d fo o t (1969) found  t h a t ,  i n  a  m u l t ip le  r e g r e s s io n  e q u a t io n  
w hich in c lu d e d  c l a y ,  s i l t  p lu s  c l a y ,  pH, and phosphorus as  th e  
in d ep en d en t v a r i a b l e s ,  th e  s i t e  in d e x  a t  age  30 f o r  co ttonw ood was 
d i r e c t l y  r e l a t e d  to  th e  c o n te n t  o f  s i l t  p lu s  c l a y ,  a s  w e l l  a s  to  pH, b u t  
i t  was in v e r s e ly  r e l a t e d  to  c la y  and phosphorus c o n te n ts .  A l l  f a c t o r s  
in  t h i s  e q u a tio n  w ere  s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l ,  and 
th e y  a cco u n ted  c o l l e c t i v e l y  f o r  45 p e rc e n t  o f  th e  v a r i a t i o n  i n  th e  
s i t e  in d e x .
S o i l  M o is tu re
The am ount o f  s o i l  m o is tu re  i s  c o n t r o l le d  by many f a c t o r s .  B oth 
abundance and u n ifo rm  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  d u r in g  th e  grow ing 
seaso n  a r e  p rim ary  c o n d i t io n s  f o r  m a in ta in in g  a  s a t i s f a c t o r y  l e v e l  o f  
m o is tu re  i n  s o i l .  A cco rd in g  to  K ozlow ski (1 9 6 1 ), "Growth o f  t r e e s  
p ro b a b ly  i s  c o n t r o l l e d  more by w a te r  a v a i l a b i l i t y  th a n  by any o th e r  
e n v iro n m e n ta l f a c t o r . 11
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B ro a d fo o t (1969) a l s o  a r r iv e d  a t  th e  same c o n c lu s io n  and s t a t e d  
t h a t  " a v a i la b le  m o is tu re ,  p ro b a b ly , i s  th e  s i n g l e  m ost im p o r ta n t 
d e te rm in a n t o f  p r o d u c t i v i t y . "
Brendem uehl (1957) found t h a t  s i t e  in d e x  a t  ag e  50 f o r  cottonw ood 
i s  d i r e c t l y  r e l a t e d  to  th e  amount o f  a v a i l a b l e  m o is tu re  in  th e  f i r s t  
4 f e e t  o f  th e  s o i l  p r o f i l e  ( r  = 0 .6 0 3 * * ). H ow ever, a  p o o r r e l a ­
t io n s h ip  ( r  = 0 .423**) was found betw een th e  s i t e  in d e x  and th e  s o i l  
m o is tu re  s to r a g e  c a p a c i ty  (FC). R easons f o r  t h i s  g iv e n  by Brendem uehl 
w ere  t h a t  m o is tu re  s to ra g e  c a p a c i ty  a l s o  in c lu d e s  th e  w a te r  o f  15- 
a tm o sp h ere  te n s io n  (WP), w hich  i s  n o t a v a i l a b l e  f o r  t r e e s .  M oreover, 
i n  d i f f e r e n t  s o i l s  n e i t h e r  WP n o r FC a lo n e  a r e  d i r e c t l y  r e l a t e d  to  th e  
v a lu e s  o f  th e  a v a i l a b l e  m o is tu re  (AW).
Sm ith (1957) s tu d ie d  th e  f a c to r s  i n d i c a t i v e  o f  s i t e  q u a l i t y  fo r  
b la c k  cottonw ood (P . t r i c h o c a r p a  T o r r .  & G ra y ) . He f e l t  t h a t  p h y s ic a l  
c h a r a c t e r i s t i c s  o f  th e  s o i l  w ere p o s s ib ly  l e s s  im p o r ta n t  th a n  th e  m ois­
t u r e  and th e  s o i l  pH. F o r t h i s  s p e c ie s ,  h e  s t a t e d  t h a t  an  abundance o f  
s o i l  m o is tu re ,  n u t r i e n t s ,  and s o i l  pH o f  6 t o  7 a r e  th e  m ost im p o r ta n t 
f a c to r s  c o l l e c t i v e l y .  N e ith e r  one o f  th e s e  f a c t o r s  was d e c i s iv e  
i n d iv id u a l ly .
Bowersox and Ward (1969) s tu d ie d  th e  e f f e c t s  o f  b la c k  p o ly e th y ­
le n e  mulch on th e  v a r i a t i o n  o f  s o i l  m o is tu re  a t  d i f f e r e n t  d e p th s  and 
on s u r v iv a l  and grow th o f  p o p la r  c u t t in g s  d u r in g  th e  f i r s t  grow ing 
s e a s o n . B oth  s u r v iv a l  and grow th o f p o p la r s  on m ulched p l o t s  w ere 
e q u a l to  o r  b e t t e r  th a n  th o s e  o f  th e  p o p la r s  c u l t i v a t e d  m e c h a n ic a l ly .
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However, in  a  s e a so n  o f  p ro lo n g e d  d ro u g h t,  th e  p o ly e th y le n e  f i lm  p r e ­
v en ted  th e  re c h a rg e  o f  s o i l  m o is tu re  and n u l l i f i e d  i t s  a d v an tag e  f o r  
t r e e  grow th d u r in g  th e  p re v io u s  s e a s o n .
R e a c tio n  o f S o i l
The r e a c t io n  o f  s o i l  i s  g e n e r a l ly  c o n s id e re d  a s  a  v i t a l  f a c t o r  c o n ­
t r o l l i n g  th e  s u r v iv a l  and grow th  o f  p l a n t s .  T here  i s  l i t t l e  ag reem en t 
among r e s e a r c h e r s  r e g a rd in g  th e  pH v a lu e  fa v o ra b le  f o r  b e s t  grow th o f  
cottonw ood a n d /o r  o th e r  p o p la r s .  Some r e s e a r c h e r s  have  re p o r te d  t h a t  
th e  f a v o ra b le  pH v a lu e  i s  g r e a t e r  th a n  5 .0 ,  o th e r s  have  found  th e  
d e s i r a b le  ran g e  to  be 6 .0  to  7 .0 ,  and s t i l l  a n o th e r  group s p e c i f y  
ra n g e s  a s  h ig h  as  7 .0  to  8 .5  a s  th e  b e s t  v a lu e s  f o r  t h i s  s p e c ie s .  
B e c k e r-D ill in g e n  (1939) c o n s id e re d  pH o f  6 to  8 as  th e  optimum ran g e  
f o r  th e  grow th o f p o p l a r s . H i l f  (1951) recommended a  n e u t r a l  to  • 
a lk a l in e  r e a c t io n  a s  a  p r e r e q u i s i t e  f o r  s a t i s f a c t o r y  grow th  o f any 
p o p la r  s p e c ie s .  B rendem uehl (1957) found pH o f  7 to  8 as  th e  b e s t  
r e a c t io n  f o r  co tto n w o o d . S c h re in e r  (1959) r e p o r te d  t h a t  a  pH o f  6 i s  
r e q u ir e d  f o r  a  maximum grow th  o f  E uropean  p o p la r s .  C apel and Coffman
(1966) w ere o f  th e  o p in io n  t h a t  a  pH o f  7 i s  fa v o re d  by co tto n w o o d . 
Bonner and B ro a d fo o t (1967) co n d u c ted  n u t r i t i o n a l  e x p e rim en ts  w ith  
cottonw ood u s in g  s o lu t io n s  o f  pH 5 .5  to  6 .5 .  H acskay lo  e t  a l .  (1969) 
perfo rm ed  s im i l a r  e x p e r im en ts  a t  pH = 5 .4 .  McKnight (1965) was o f  th e  
o p in io n  t h a t  a  pH o f  7 to  8 .5  was b e s t ;  how ever, i n  1970 h e  s t a t e d  t h a t  
a  pH betw een  6 and 7 i s  r e q u i r e d  f o r  th e  b e s t  developm ent o f  co tto n w o o d . 
C a r te r  and W hite  (1971) re c o rd e d  th e  b e s t  grow th  o f  cottonw ood in  a
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s o i l  w ith  a  pH o f  6 .4  to  6 .6  in  a  p r o f i l e  3 f e e t  deep  and recommended 
t h a t  " s o i l s  s t r o n g ly  a c id  (below  pH 5) sh o u ld  n o t b e  p la n te d  to  
c o tto n w o o d ."
T hus, one may sum m arize t h a t  th e  fa v o ra b le  pH v a lu e  f o r  cottonw ood 
i s  g r e a te r  th a n  5 .0  and i t  may even  be as  h ig h  as 8 .5 .  T h is  would
s u g g e s t  t h a t  cottonw ood i s  a p p re c ia b ly  t o l e r a n t  w ith  r e s p e c t  to  th e
a v a i l a b i l i t y  o f  e x t r a c t a b l e  io n s  and  e s p e c ia l l y  to  t h e i r  p r o p o r t io n s  
i n  th e  s o i l .
S o i l  F e r t i l i t y  and F e r t i l i z a t i o n
S o i l  p r o d u c t iv i t y  depends upon many f a c t o r s .  A c co rd in g  to  
A a lto n en  (1 9 3 7 ), "D e te rm in a tio n  o f  th e  p r o d u c t iv i ty  o f  s o i l  on th e  
b a s i s  o f  i t s  p r o p e r t i e s  i s  one o f  th e  most im p o r ta n t o b j e c t iv e s  o f
f o r e s t  s o i l s  r e s e a r c h .  A t th e  same tim e , i t  i s  one o f  th e  m ost d i f f i ­
c u l t  p ro b le m s , f o r  i t  seems t h a t  th e  p r o d u c t iv i ty  seldom  depends upon 
a  s i n g l e  f a c t o r  o r  even  a  few f a c t o r s ,  b u t i t  i s  u s u a l ly  a  r e s u l t  o f  
th e  com bined a c t i o n  o f  s e v e r a l  f a c t o r s . "  One o f  th e s e  f a c t o r s  i s  th e  
f e r t i l i t y  o f  th e  s o i l .  I t  c an  be  e x p re ssed  by th e  am ounts o f  e x t r a c t -  
a b le  a n d /o r  ex ch an g eab le  io n s  i n  th e  s o i l .
The c o n te n t  o f  in o rg a n ic  n u t r i t i o n a l  e lem en ts  i n  th e  s o i l  depends 
upon m in e r a lo g ic a l  and ch em ica l c o m p o sitio n  o f  p a re n t  m a t e r i a l .  The 
d e g re e  o f  s o l u b i l i t y  o f  th e s e  n u t r i t i o n a l  e lem en ts  i s  g r e a t l y  a f f e c t e d  
by p h y s ic a l  s o i l  p r o p e r t i e s .  I n  a l l u v i a l  s o i l s  o f  th e  R ed , O u a c h ita , 
and M is s i s s i p p i  R iv e rs  th e  am ounts o f  e x t r a c ta b le  p h o sp h o ru s  and ex ­
c h a n g e a b le  K, C a, and Mg c a t io n s  h ave  been  found to  be r e l a t e d  to  th e
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t e x tu r e  o f  th e  s o i l  (Peevy 1972).
The in ta k e  o f  n u t r i t i o n a l  e lem en ts  by p la n t s  depends upon v e ry  
com plex ch em ica l i n t e r a c t io n s  among in o rg a n ic  and o rg a n ic  com ponents 
o f  th e  s o i l  and th e  p ro d u c ts  r e s u l t i n g  from  a c t i v i t i e s  o f  m ic ro ­
o rgan ism s and r o o t s .  However, a c c o rd in g  to  G ra b le  (1 9 6 6 ): "At th e
p r e s e n t  tim e  i t  i s  d i f f i c u l t  to  t e l l  w h e th e r  n u t r i e n t  i n t e r a c t i o n s  
o ccu r i n s id e  th e  p la n t  and a r e  p h y s io lo g ic a l  o r  w h e th er th ey  o ccu r 
o u ts id e  th e  p l a n t  and a r e  c h e m ic a l ."
S o i l  pH, as  g e n e r a l ly  c o n s id e re d , i s  a  key f a c t o r  i n  r e g u la t in g  
th e  su p p ly  o f  n u t r i e n t  f o r  p l a n t s .  B ase s a t u r a t i o n  p e rc e n ta g e  (Lyon 
and Buckman 1952) and o x id a t io n - r e d u c t io n  p o t e n t i a l  (W ilde 1958) a r e  
r e l a t e d  to  pH o f  th e  s o i l .
R esea rch  i n  f o r e s t  f e r t i l i z a t i o n  s t a r t e d  to  move w ith  g ig a n t ic  
s te p s  a f t e r  W orld War I I .  The b ib l io g r a p h y  in  t h i s  f i e l d  f o r  th e  
p e r io d  from  1910 to  1939 in c lu d e s  177 r e f e r e n c e s ,  w h ile  f o r  th e  p e r io d  
1940 to  1964 i t  c o n ta in s  1737 r e f e r e n c e s  (W hite and L ea f 1956,
M u stan o ja  and L ea f 196 5 ). Among a l l  th e  w orks in  th e  two p e r io d s  on ly  49 
o f  them d e a l  w ith  th e  f e r t i l i z a t i o n  o f  p o p l a r s .
M ay er-K rap o ll (1956) re p o r te d  t h a t  a p p l i c a t i o n  o f  600 g c a lc iu m  
ammonium n i t r a t e  p e r  t r e e  (a p p lie d  i n  th e  f i r s t  two s e a s o n s )  im proved 
a v e ra g e  h e ig h t  grow th o f  e ig h t  d i f f e r e n t  p o p la r  c lo n e s  by 36 p e rc e n t  and 
a v e ra g e  dbh by 77 p e rc e n t  above th e  c o n t r o l s . A la r g e  v a r i a t i o n  in  
th e  re sp o n se  to  th e  f e r t i l i z e r  was a l s o  o b se rv ed  among th e  c lo n e s .
P ra v d in  and F ilim o n o v a  (1960) w arned  u s e r s  to  b e  c a u t io u s  when 
a p p ly in g  n i t r o g e n  f e r t i l i z e r s  to  p o p la r  p l a n t a t i o n s .  N itro g e n  makes
58
t r e e s  more s u s c e p t ib le  to  v a r io u s  d i s e a s e s ,  e s p e c i a l l y  in  n u r s e r i e s  
and in  d e n se  p l a n t a t i o n s .
Aughanbaugh and M i tc h e l l  (1963) re p o r te d  t h a t  a p p l i c a t i o n  o f  2 
pounds o f  8 -2 4 -1 2  f e r t i l i z e r  p e r  t r e e  a t  th e  b e g in n in g  o f  th e  f i f t h  
y e a r  o f  g ro w th , and 2 .5  pounds o f  4 -1 6 -8  f e r t i l i z e r  p e r  t r e e  i n  th e  
fo llo w in g  s p r in g  on th e  same p lo t s  in  a  p l a n t a t i o n  o f  McKee h y b r id  
p o p la r  (P opu lus x  g e n e ro sa  H enry) on a  m o is t s i l t  loam  s o i l ,  in c re a s e d  
th e  a v e ra g e  t r e e  volum e 6 7 .5  p e r c e n t  a t  th e  end o f  th e  1 2 th  y e a r .
However, th e  in c id e n c e  o f  t ru n k  c an k e r on f e r t i l i z e d  p l o t s  was re c o rd e d  
i n  5 0 .4  p e r c e n t  o f  th e  t r e e s  a s  a g a in s t  2 8 .8  p e r c e n t  o f  th e  u n t r e a te d  • 
t r e e s .
B onner and B ro a d fo o t (1967) u sed  th e  sand  c u l t u r e  m ethod f o r  
t e s t i n g  th e  e f f e c t s  o f  21 d i f f e r e n t  n u t r i e n t  s o lu t io n s  on th e  grow th  
o f  co ttonw ood s e e d l in g s .  The n u t r i e n t  s o lu t io n s  c o n s i s te d  o f  86 ppm 
o f  c a lc iu m , 104 ppm o f  m agnesium , t r a c e s  o f  m ic r o n u t r i e n t s ,  and N, P , 
and K e le m e n ts , each  a p p l ie d  a t  sev en  d i f f e r e n t  l e v e l s .  When one e lem en t 
was v a r ie d  th e  o th e r  two e lem en ts  w ere s u p p lie d  a t  t h e  r a t e s  o f  
100 ppm f o r  N and K, and 50 ppm f o r  P . The pH o f  th e  s o l u t i o n  was 
m a in ta in e d  betw een  5 .5  and 6 .5 .  The grow th o f  s e e d l in g s  was m in u te  
i n  th e  s o lu t io n s  w here  e i t h e r  N, P , o r  K was m is s in g  (0 .1  t o  1 .9  g 
o f  d ry  w e ig h t p e r  s e e d l in g  a f t e r  9 w e ek s ). The b e s t  grow th  o f  s e e d l in g s  
(76 g o .d .w . a v e . )  was a c h ie v e d  i n  a  n u t r i e n t  s o lu t io n  w ith  100 ppm N,
75 ppm P , and 100 ppm K. T h is  c o rre sp o n d s  to  th e  1 0 -7 .5 -1 0  com m ercial 
f e r t i l i z e r  fo rm u la .
Jo n e s  and C u r l in  (1968) o b se rv ed  pronounced d i f f e r e n c e s  among 
n in e  co ttonw ood c lo n e s  in  t h e i r  re sp o n se  to  f e r t i l i z a t i o n  w ith  300 l b s . /  
a c r e  o f  ammonium n i t r a t e .  A lth o u g h  th e s e  c lo n e s  showed a  h ig h ly  
s i g n i f i c a n t  re sp o n se  to  n i t r o g e n ,  i t  was p o s s ib le  to  d i s t i n g u i s h  th r e e  
d e f i n i t e  c la s s e s  o f  re sp o n se s  by ra n k in g  th e  r a t i o s  o f  grow th  w ith  
f e r t i l i z e r  to  grow th w ith o u t f e r t i l i z e r .  As a  r e s u l t ,  A-8 c lo n e  was 
c l a s s i f i e d  as th e  s u p e r io r  ty p e  w ith  o r  w ith o u t f e r t i l i z e r .  A-16 
c lo n e  showed th e  b e s t  re sp o n se  to  n i t r o g e n ,  w ith  a  2 4 - f o ld  volum e 
in c r e a s e  a f t e r  two y e a rs  o f  grow th w ith  f e r t i l i z e r  a s  com pared w ith  
s e e d l in g  grow th w ith o u t f e r t i l i z e r .
B ro a d fo o t and Farm er (1969) s tu d ie d  th e  e f f e c t s  o f  c lo n e  and 
m o is tu re  su p p ly  on th e  n u t r i e n t  c o n te n t  o f  le a v e s  o f  e a s t e r n  co ttonw ood 
and found  th a t  f a s t-g ro w in g  c lo n e s  c o n ta in e d  low er p r o p o r t io n s  o f  l e a f  
n i t r o g e n  th a n  slow -g row ing  c lo n e s .  The c o n te n ts  o f  n i t r o g e n ,  p h o sp h o ru s , 
and p o ta ss iu m  p e r  gram o f  d ry  l e a f  w ere s i g n i f i c a n t l y  h ig h e r  i n  
s e e d l in g s  grown u n d e r w a te r  s t r e s s  th a n  in  th o s e  grown i n  f a v o r a b le  
m o is tu re  c o n d i t io n s .  The a u th o rs  concluded  t h a t  n u t r i e n t  c o n c e n tr a ­
t io n s  in  le a v e s  a r e  n o t alw ays good in d ic a to r s  o f  n u t r i t i o n a l  c o n d i­
t i o n s  o f  co ttonw ood t r e e s .
H u eb in g er (1969) r e p o r te d  on th e  p o s i t iv e  e f f e c t s  o f  n i t r o g e n  and 
p h o sphorus on th e  f i r s t - y e a r  grow th o f  cottonw ood c u t t i n g s .  The a p p l i ­
c a t i o n  o f  48 g o f  N and 60 g o f  ?2®5 *n  a  l " f 0° t “r a d iu s  c i r c u l a r  
band a round  th e  c u t t i n g  r e s u l t e d  in  p r o l i f i c  r o o t  b ra n c h in g  on th e  
p e r ip h e ry  o f  th e  f e r t i l i z e d  band and in  52 p e rc e n t  in c r e a s e  i n  th e  d ry
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m a tte r  o f  s h o o ts .  No s i g n i f i c a n t  in c r e a s e  in  th e  n u t r i e n t  c o n te n t  o f  
th e  f o l i a g e  was o b se rv e d . F o l i a r  a n a ly s e s  av erag ed  2.19% N, 0.97% P , 
2.06%  K, 1.33% C a, and 0.35% Mg.
P o lu b o y a rin o v  and Moroz (1968) r e p o r te d  on th e  r e s u l t s  o f  s p ra y ­
in g  r o o t s  o f  b la c k  p o p la r  w ith  a  s u sp e n s io n  o f  p h o s p h o ro b a c te r in  in  
w a te r .  They s t a t e d  t h a t  th e  m ethod im proved th e  f i r s t - y e a r  h e ig h t  
grow th o f  s e e d l in g s  by 70 p e r c e n t  and th e  s u r v iv a l  r a t e  by 30 p e r c e n t .  
P h o s p h o ro b a c te r in  i s  a  p r e p a r a t io n  o f  a  p u re  c u l t u r e  o f  B ac te riu m  
m egatherium  p h o sp h a tic u s  w ith  k a o l in .  T hese b a c t e r i a  a r e  c a p a b le  o f  
b re a k in g  down o rg a n ic  phosphorus compounds and t r a n s fo rm in g  them  in to  
s o lu b le  p h o s p h a te s , th u s  in c r e a s in g  th e  c o n te n t  o f  a v a i l a b l e  p h o s­
p h o ru s  i n  s o i l .  A p p l ic a t io n  o f  p h o s p h o ro b a c te r in  i s  e s p e c i a l l y  r e ­
commended in  s o i l s  w ith  h ig h  c o n te n t  o f  o rg a n ic  m a t te r .  T h is  
p r e p a r a t io n  does n o t  p roduce  any e f f e c t  in  a c id  s o i l s  w ith  a  low 
c o n te n t  o f  o rg a n ic  m a tte r  (A sarov 1 9 6 4 ).
F r i t z s c h e  (1970) s tu d ie d  th e  e f f e c t s  o f  d i f f e r e n t  l e v e l s  o f  NPK 
and NPK MgCa f e r t i l i z e r s  on th e  s i z e  o f  le a v e s ,  c o n c e n t r a t io n s  o f  
n u t r i t i o n a l  e lem en ts  in  le a v e s ,  and t r e e  h e ig h ts  o f  v a r io u s  b la c k  
p o p la r  h y b r id s  and ba lsam  p o p l a r s . The ex p erim en ts  w ere  co n d u c ted  
in  a  g reen h o u se  by th e  m ethod o f  sand  c u l tu r e  and a 'lso  by f i e l d  t r i a l s  
i n  p o p la r  p l a n t a t i o n s .  V a r ia t io n s  i n  l e a f  s i z e  w ere  d i r e c t l y  r e l a t e d  
to  v a r i a t i o n s  in  t r e e  h e ig h t .  The s i z e s  o f  le a v e s  and th e  h e ig h ts  o f  
t r e e s  w ere  found  to  re a c h  t h e i r  maxima when th e  n i t r o g e n  l e v e l  i n  th e  
n u t r i t i o n a l  medium and i t s  c o n c e n tr a t io n  i n  th e  le a v e s  re a c h e d  t h e i r
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optimum l e v e l s .  The maxima i n  l e a f  s i z e  and t r e e  h e ig h t  o f  b a lsam  
p o p la r s  w ere reach ed  a t  low er l e v e l s  o f  f e r t i l i z a t i o n  th a n  th o s e  o f  
b la c k  p o p l a r s . An in c r e a s e  in  th e  l e v e l  o f  f e r t i l i z e r  beyond i t s  
optimum l e v e l ,  w hich c o rre sp o n d e d  to  an  in c r e a s e  in  th e  c o n c e n tra t io n s  
o f  N i n  th e  le a v e s ,  r e s u l t e d  i n  a  d e c re a s e  in  l e a f  s i z e  and t r e e  
h e i g h t .  Under su ch  c o n d i t io n s  le a v e s  u s u a l ly  e x h ib i te d  symptoms o f  
d e f i c i e n c i e s  m o stly  in  K and i n  e i t h e r  P a n d /o r  Mg. A maximum le a f  
s i z e  was reach ed  when th e  c o n te n t  o f  N in  th e  l e a f  was k e p t  w i th in  a 
ra n g e  o f  2 .4  to  2 .7  p e r c e n t .
W hite  and C a r te r  (1970) s tu d ie d  th e  grow th  dependence o f  6 -  to  
9 -y e a r -o ld  cottonw ood i n  p u r e ,  n a t u r a l  s ta n d s  on th e  p r o p e r t i e s  o f 
a l l u v i a l  s o i l s .  They found t h a t  e x t r a c t a b l e  p o ta ss iu m  acco u n ted  fo r  
94 p e r c e n t  o f  th e  v a r i a t i o n  in  th e  h e ig h t  grow th  o f  m ost o f  th e  s ta n d s .  
The 6 -y e a r - o ld  t r e e  h e ig h t  o f  th e s e  s ta n d s  (W hite and C a r te r  1970a) 
was c o r r e l a t e d  w ith  Ca, K, and P c o n te n ts  in  th e  u p p e r f o l i a g e  and K 
i n  th e  low er f o l i a g e  o f  dom inant and codom inan t t r e e s . The c o n te n ts  o f  
n u t r i t i o n a l  e lem en ts  i n  th e  f o l i a g e ,  u sed  a s  in d e p en d e n t v a r i a b le s  in  
a  m u l t ip le  r e g r e s s io n  e q u a t io n ,  a cc o u n te d  f o r  76 p e rc e n t  o f  th e  
v a r i a t i o n  in  h e ig h t  g row th . A verage  c o n c e n tr a t io n s  o f  n u t r i e n t  e l e ­
m ents in  th e  u p p er f o l i a g e  o f  th e  t r e e s  in  th e  same s ta n d s  w ere 2.09% 
o f  N, 0.20% o f  P , 1.30% o f  K, 2.16%  o f  C a, and 0.29% o f  Mg, and in  th e  
low er f o l i a g e  1.98% , 0.19% , 1.18% , 2.78% , and 0.33% , r e s p e c t iv e ly .  
A verage p e rc e n ta g e s  o f  K, C a, and Mg i n  th e  f o l i a g e  o f  su p p re sse d  
t r e e s  w ere  h ig h e r  th a n  th o s e  i n  th e  f o l i a g e  o f  dom inant t r e e s .  Con-
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v e r s e ly ,  th e  p e rc e n ta g e s  o f  N and P w ere  low er in  s u p p re s se d  t r e e s .
A com ple te  f e r t i l i z e r  named "G lu eck au f"  c o n ta in in g  10% n i t r o g e n ,  
7% 1*2^5 * ^2°* MSS0^, 10% CaO, and m ic r o n u t r ie n ts  was t r i e d  by
G unther (1 9 5 7 ). He a p p l ie d  t h i s  f e r t i l i z e r  to  a  o n e -y e a r -o ld  p o p la r  
p l a n t a t i o n  on a  po o r n e u t r a l  sandy loam  s o i l  a t  th e  r a t e s  o f  265 ,
530, and 795 pounds p e r  a c r e .  The se c o n d -y e a r  h e ig h t  grow th  o f  th e  
f e r t i l i z e d  t r e e s  exceeded  th e  c o n t r o l s  by 3 6 , 6 9 .9 ,  and 8 1 .9  p e r c e n t ,  
r e s p e c t iv e ly .  However, i t  i s  n o t  known w hich o f  th e  n u t r i t i o n a l  e l e ­
m ents o f  t h i s  f e r t i l i z e r  was th e  m ain c a u se  o f  such an  im provem ent in  
h e ig h t  g ro w th .
H acskay lo  e t  a l .  (1969) s tu d ie d  th e  re s p o n se  o f  fo u r  t r e e  s p e c ie s ,  
in c lu d in g  co tto n w o o d , to  12 m acro - and m ic r o n u tr ie n ts  a p p l ie d  to  sand  
c u l tu r e s  as a  co m p le te  s o lu t io n  ( c o n ta in in g  a l l  m acro- and m icro n u ­
t r i e n t s ) ,  and as d e f i c i e n t  s o lu t io n s  (c o n ta in in g  o n ly  11 o f  th e  12 
n u t r i t i o n a l  e le m e n ts ) .  A p p l ic a t io n  o f  d e f i c i e n t  s o lu t io n s  p roduced  
v i s i b l e  d e f ic ie n c y  sym ptom s. The c o n c e n tr a t io n s  o f  n u t r i t i o n a l  e lem en ts  
i n  le a v e s ,  s te m s , and r o o t s  v a r ie d  from  s e e d l in g  to  s e e d l in g  grown in  
d i f f e r e n t  s o lu t i o n s .  Growth o f  co ttonw ood s e e d l in g s  in  th e  d e f i c i e n t  
s o lu t io n s  was g e n e r a l ly  below  th e  l e v e l  a t t a i n e d  in  th e  co m p le te  
s o lu t io n .  S hoo t g row th  o f  s e e d l in g s  was much low er f o r  th e  s o lu t io n s  
la c k in g  S , B, C a, o r  N. R oot developm en t was s e v e r e ly  l im i te d  in  th e  
s o lu t io n s  la c k in g  C a, S , o r  Mn. Cottonw ood s e e d l in g s  i n  th e  co m ple te  
s o lu t io n  had f o l i a r  c o n te n ts  o f  2 .8 6  p e rc e n t  n i t r o g e n ,  0 .8 3  p e rc e n t  
p h o sp h o ru s , 4 .5 9  p e rc e n t  p o ta s s iu m , 0 .9 5  p e rc e n t  c a lc iu m , and 0 .4 9  
p e rc e n t  magnesium.
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S to n e  (1968) l i s t e d  p o p la r s  among z in c -a c c u m u la tin g  p l a n t s .  The 
a v e ra g e  c o n te n t  o f  Zn in  co ttonw ood  le a v e s  v a r ie s  from  81 to  199 ppm o f 
o v e n -d ry  m a t te r ,  a s  com pared w ith  28 ppm i n  le a v e s  o f  sweetgum . How­
e v e r ,  Zn c o n te n t in  th e  f o l i a g e  o f  E uropean  a sp en  (P opu lus tre m u la  L .)  
i s  a s  h ig h  a s  451 to  1501 ppm. The c o n te n t  o f  b o ro n  i n  cottonw ood 
le a v e s  (70 to  90 ppm) i s  s i g n i f i c a n t l y  low er th a n  t h a t  o f  Zn; how ever, 
t h i s  c o n te n t  i s  much h ig h e r  th a n  th e  c o n te n t  o f  bo ron  (7 to  10 ppm) 
i n  th e  le a v e s  o f  s h o r t l e a f  p in e  (P in u s  e c h in a ta  M i l l . )  o r  th e  c o n te n t  
(38 ppm) in  th e  le a v e s  o f  w h ite  a s h  (F ra x in u s  am erican a  L . ) .  M anganese 
c o n te n t  in  th e  le a v e s  o f  co ttonw ood  s e e d l in g s  grown i n  a  co m p le te  
n u t r i t i o n a l  s o lu t io n  was 49 ppm a s  g iv e n  by H acskay lo  e t  a l .  (1 9 6 9 ). 
T h is  i s  a m inu te  c o n te n t  when com pared w ith  121 to  977 ppm o f m anganese 
i n  th e  le a v e s  o f  s h o r t l e a f  p in e  (S to n e  1 9 6 8 ).
K ostychev (1931) s t a t e d  t h a t  th e  c o m p o s itio n s  o f  th e  a sh es  o f  
d i f f e r e n t  p la n ts  grown i n  th e  same s o i l  a r e  n o t e n t i r e l y  a l i k e  and 
t h a t  th e  p ro p o r t io n s  o f  th e  a sh  c o n s t i t u e n t s  in  a l l  p l a n t s  a r e  v e ry  
d i f f e r e n t  from  th o s e  in  th e  s o i l  i t s e l f .  T h is  i s  b ecau se  th e r e  i s  a  
s e l e c t i v e  a b s o rp tio n  o f th e  v a r io u s  io n s  o f  th e  s o i l  by p l a n t s .  S e le c ­
t i v e  a b s o r p t io n  o f  io n s  by p l a n t s  was a l s o  r e p o r te d  by G e r lo f f  e t  a l .
(1 9 6 6 ); i t  was observed  i n  t r e e s  i n  th e  f i e l d  by Young and Guinn (1966) 
and Young and C a rp e n te r  (1 9 6 7 ) , and  s u p p o r te d  by e x p e r im en ts  w ith  s i x  
t r e e  s p e c ie s  (cottonw ood in c lu d e d )  grown i n  i d e n t i c a l  n u t r i e n t  s o lu ­
t i o n s  i n  sand c u l tu r e  by H acsk ay lo  (1 9 6 0 ), H acskay lo  and  V im m ersted t
(1 9 6 7 ) , and H acskay lo  e t  a l .  (1 9 6 9 ) .
M e r r i f i e ld  (1972) em phasized  th e  need  o f  r e s e a r c h  f o r  d e te rm in in g
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th e  n u t r i e n t  re q u ire m e n ts  o f  cottonw ood u n d e r v a r io u s  s o i l  m o is tu re  
re g im e s .
M vcorrh izae
The im p o rtan c e  o f  m ycotrophy in  f o r e s t r y ,  e s p e c ia l l y  in  a f f o r e s ­
t a t i o n  o f  n o n - f o r e s t  la n d s  and  in  in t r o d u c t io n  o f  e x o t i c s , h a s  been  
em phasized by many a u th o rs  (H atch 1936, K e lle y  1950, R u s s e l l  1950,
H a rle y  1959, Lobanow 1 9 6 0 ).
No e x p e r im e n ta l  w ork h a s  been  co nducted  to  d e te rm in e  th e  e f f e c t  
o f  m y c o rrh iz a e  on th e  developm ent o f  p o p la r  t r e e s .  However, t h e r e  a r e  
r e p o r t s  a v a i l a b le  w hich  d e a l  w ith  th e  i d e n t i f i c a t i o n  o f  d i f f e r e n t  
m y c o rrh iz a l fu n g i a s s o c ia te d  w ith  v a r io u s  p o p la r  s p e c ie s .
Lobanow (1960) r e p o r te d  t h a t ,  from  26 r o o t  sam ples o f  sev en  p o p la r  
s p e c ie s ,  in c lu d in g  P.. d e l t o i d e s , grown i n  v a r io u s  c l im a t ic  c o n d i t io n s  
and on d i f f e r e n t  s o i l s ,  e c te n d o tro p h ic  m y c o rrh iz a e  w ere found i n  o n ly  
two sa m p le s . T h is  le d  h im  to  th e  c o n c lu s io n  t h a t  p o p la rs  have a  weak 
m yco troph ic  h a b i t .
T rappe (1962) l i s t e d  28 d i f f e r e n t  m y c o rrh iz a l fu n g i w hich  w ere 
r e p o r te d  by v a r io u s  w o rk e rs  to  be  a s s o c ia te d  w ith  10 p o p la r  s p e c ie s ,  
in c lu d in g  P .  d e l t o i d e s . A l l  th e s e  fu n g i p roduced  e c to t ro p h ic  m y c o rrh iz a e , 
and one o f  them , Cenococcum g ran ifo rm e  (Sow) F e rd  & Winge (= M ycelium  
r a d i c i s  n ig ro s tr ig o s u m  H a tc h ) , was common i n  a l l  te n  p o p la r s . T here  
w ere 135 t r e e  s p e c ie s  and sh ru b s  l i s t e d  w hich  w ere a l s o  a s s o c ia te d  w ith  
C_. g ra n ifo rm e .
Vozzo (1969) found e n d o tro p h ic  m y co rrh izae  p roduced  by Endogone 
s p .  on th e  r o o t s  o f  a  p la n te d  cottonw ood (P . d e l to id e s )  t r e e  grow ing
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on a  b o tto m lan d  s i t e  n e a r  S t o n e v i l l e ,  M is s i s s ip p i .  He o b serv ed  t h a t  
v e s i c l e s ,  a r b u s c u le s ,  and brown i n t r a c e l l u l a r  h y p h a -s tr a n d s ,  a l l  
c h a r a c t e r i s t i c  f o r  t h i s  ty p e  o f m y c o rrh iz a , w ere p e n e t r a t in g  th e  
c e l l s  o f  th e  r o o t  c o r t e x .
F o r a  b e t t e r  u n d e rs ta n d in g  o f  th e  b io l o g i c a l  i n t e r a c t i o n  betw een 
a  m y c o rrh iz a l fungus and a  h o s t  p l a n t ,  know ledge o f th e  ra n g e s  in  
v a r i a t i o n  o f  e n v iro n m e n ta l f a c to r s  d u r in g  th e  grow ing s e a so n , and o f 
t h e i r  op tim a  f o r  b o th  th e  fungus and th e  h o s t ,  i s  o f  th e  u tm o st im por­
ta n c e .  I t  i s  much more l i k e l y  t h a t  th e  sy m b io s is  may ta k e  p la c e  when 
th e  e n v iro n m e n ta l re q u ire m e n ts  o f  th e  fungus and  o f  th e  h o s t  c o in c id e .  
O th e rw ise , e i t h e r  fun g u s o r  h o s t  may f in d  i t s e l f  in  a  c r i t i c a l  c o n d i t io n .
C a lc a re o u s  s o i l s  a r e  u s u a l ly  c o n s id e re d  u n s u i ta b le  f o r  m y co troph ic  
p la n t s  s in c e  m y c o r rh iz a l  fu n g i  p r e f e r  an  a c id  s u b s tra tu m . The optimum 
pH f o r  th e  grow th  o f  m yc.elia o f  m ost m y c o rrh iz a l  fu n g i i s  betw een 5 
and 6 , and some f u n g i ,  su ch  a s  A m anita s p .  and B o le tu s  s p . ,  p r e f e r  
s o i l s  w i th  pH o f  3 .5  to  5 .0  (K e lle y  1950, H a rle y  195 9 ).
Lobanow (1960) a s s ig n e d  th e  weak m y c o rrh iz a l h a b i t  o f  p o p la rs  to  
t h e i r  p io n e e r in g  c h a r a c t e r ;  how ever, i t  i s  known t h a t  p io n e e r in g  a b i l i ­
t i e s  o f p o p la r s ,  a t  l e a s t  o f  th e  b la c k  p o p la r s ,  and p a r t i c u l a r l y  o f  
co ttonw ood (P . d e l t o i d e s ) , do n o t  ex ten d  to  a c id  s o i l s .  I t  seems t h a t  
p o p la rs  a r e  p io n e e r s  a t  l e a s t  f o r  one re a s o n :  th e y  can  grow v e ry  w e ll
w ith o u t  b e in g  a s s o c ia te d  w ith  m y c o rrh iz a l f u n g i .  The re q u ire m e n ts  o f  
p o p la rs  w ith  r e s p e c t  to  s o i l  m o is tu re ,  s o i l  te m p e ra tu re , s o i l  a e r a t i o n ,  
and l i g h t  a r e  n e a r ly  th e  same a s  th o s e  o f  th e  m y c o rrh iz a l f u n g i .  But 
m y c o rrh iz a l f u n g i  c a n n o t s u rv iv e  i n  a l k a l i n e  s o i l s ,  and p o p la rs  can n o t
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grow s a t i s f a c t o r i l y  in  a c id  s o i l s  (E schner 1960, T rim b le  1963, D avis 
1 9 6 4 ). T hus, th e  a s s o c i a t i o n  o f  m y c o rrh iz a l f u n g i  w ith  p o p la r s  may be 
c o n s id e re d  a s  an i n d i c a t i o n  o f  th e  u n s u i t a b i l i t y  o f  th e  s o i l  c o n d i­
t io n s  f o r  p o p la r s . M y co rrh iz ae  a p p e a r  to  be a  k in d  o f  s a fe g u a rd  fo r  
p o p la rs  when th e y  a r e  n o t  g row ing  on t h e i r  optimum s i t e .
C u l tu r a l  T rea tm en ts
The e s ta b l is h m e n t  o f  a  p l a n t a t i o n  o f  a t r e e  s p e c ie s  c a n n o t be  con­
f in e d  m erely  to  p l a n t in g  s e e d ,  a  s e e d l in g ,  o r  a c u t t i n g  in  th e  g round . 
M oreover, a s u r v iv a l  r a t e  o f  o v e r 90 p e r c e n t  in  th e  f i r s t  y e a r  
c an n o t alw ays be re g a rd e d  a s  a  d e f i n i t i v e  c r i t e r i o n  o f  th e  su c c e ss  o f  
a  p l a n t a t i o n .  V a r ia t io n  in  p la n t in g  s to c k  and i n  numerous e n v iro n m en ta l 
f a c t o r s ,  su ch  as  m i c r o - r e l i e f ,  s o i l  c o n d i t io n s ,  c l im a t ic  c o n d i t io n s ,  
c o m p e ti t io n , and in c id e n c e  o f  p e s t  and d i s e a s e s ,  a r e  u s u a l ly  th e  cau ses  
o f  c o n s id e ra b le  v a r i a t i o n  i n  th e  f i r s t - y e a r  grow th  o f  t r e e s .
I f  no s te p s  a r e  ta k e n  t o  m in im ize  th e  e f f e c t s  o f  a d v e rse  e n v iro n ­
m en ta l c o n d i t io n s ,  a t  l e a s t  f o r  a  few y e a r s  a f t e r  p l a n t in g ,  th e  v a r i a ­
t i o n  in  grow th o f  t r e e s  w i l l  in c r e a s e  s t e a d i l y  w ith  th e  ag e  o f  th e  
p l a n t a t i o n .  C o n se q u e n tly , a  h ig h  m o r t a l i t y  o f  r e ta r d e d  t r e e s  w i l l  
r e s u l t , a n d  th e  y i e ld  and t im b e r  q u a l i t y  w i l l  be  a f f e c t e d .
C u l tu r a l  t r e a tm e n ts  su c h  a s  c o n t r o l  o f  c o m p e t i t io n ,  te n d in g  o f  
young t r e e s ,  and p e s t  c o n t r o l  a r e  p r e r e q u i s i t e s  f o r  a  s a t i s f a c t o r y  
developm ent o f  t r e e s  i n  a  p l a n t a t i o n .
Weed C o n tro l
The su c c e ss  o f  e s t a b l i s h i n g  p o p la r  p l a n ta t io n s  from  u n ro o te d  c u t -
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t in g s  depends l a r g e ly  on th e  c o n t r o l  o f  th e  c o m p e ti t iv e  v e g e ta t io n ,  
e s p e c ia l l y  d u r in g  th e  p e r io d  o f  r o o t  i n i t i a t i o n  and d u r in g  i n i t i a l  
s ta g e s  o f  sh o o t developm ent (M a ise n h e ld e r 1 9 6 0 ).
S c h re in e r  (1945) has d e m o n s tra te d  th e  i n h i b i t i n g  e f f e c t  o f  sod  on 
th e  grow th o f h y b r id  p o p la r s .  C over c ro p s  w ere  found to  be  u n s a t i s ­
f a c to r y  i n  c o n t r o l l i n g  unw anted v e g e ta t io n  i n  p o p la r  p la n ta t io n s  
(Ford e t  a l . 1952).
K rin a rd  (1964) e x p lo re d  th e  p o s s i b i l i t y  o f  weed c o n t r o l  i n  c o t to n ­
wood p la n ta t io n s  by a p p ly in g  h e r b ic id e s  and co n c lu d ed  t h a t  c u l t i v a t i o n  
i s  s t i l l  th e  b e s t  m ethod f o r  c o n t r o l l i n g  w eeds d u r in g  th e  f i r s t  g row ing 
se a so n . M a rtin  and C a r te r  (1966) made an  e x te n s iv e  s tu d y  o f  th e  e f f e c t s  
o f  14 h e r b ic id e s ,  a p p l ie d  a t  v a ry in g  r a t e s ,  on th e  s u r v iv a l  and grow th 
o f co ttonw ood . The e x p e rim en ts  w ere  c a r r i e d  o u t  d u r in g  two se a so n s  on 
sandy loam s o i l  a t  th e  A uburn F o r e s t  N u rse ry  in  A labam a. Ten o f  th e  
h e r b ic id e s  app eared  to  b e  h a rm le ss  to  co ttonw ood when a p p lie d  a t  
c e r t a i n  r a t e s .  The a u th o rs  s t a t e d  t h a t  o n ly  S im az in e , D iu ro n , D iphena- 
m id, and D ic h lo b e n i l  w ere  " p ro b a b ly  th e  m ost p ro m is in g  h e r b ic id e s  f o r  
u se  in  cottonw ood p la n t a t i o n s  b e c a u se  o f  th e  b ro a d  sp ec tru m  o f  weeds 
c o n t r o l le d  by each  o f  th e s e  h e r b i c i d e s . "  The e f f e c t s  o f  h e r b ic id e s  on 
th e  weed c o n t r o l  o f  co ttonw ood p l a n t a t i o n s  w ere  a ls o  t e s t e d  by o th e r  
w orkers  (Kuntz and R ik e r  1954, K untz e t  a l .  1960, D eitshm an and P r u e t t  
1960, P r u e t t  and G atherum  1961, A ird  1962, and W hite 1 9 6 2 ). M a ise n h e l­
d e r  (1951) and McKnight (1963 , 1970) r e p o r te d  p o o r r e s u l t s  from  th e  
a p p l i c a t io n  o f  h e r b ic id e s  f o r  weed c o n t r o l  i n  co ttonw ood p l a n t a t i o n s .
The g ro w th - s t im u la t in g  e f f e c t  o f  A m izine was observ ed  by Norwood
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(1965) on sweetgum  (L iqu idam bar s t y r a c i f l u a  L .)  and on cottonw ood and 
P opu lus x  E ugenei Sim . L ou is by M e r r i t t  and Bram ble (1966).
K aszkurew icz (1967) r e p o r te d  on th e  a p p l i c a t i o n  o f  1000 g o f  
A m izine p e r  100 g a l lo n s  o f  w a te r ,  w hich p roduced  s a t i s f a c t o r y  weed 
c o n t r o l  in  a  co ttonw ood  p l a n t a t i o n .  The a p p l i c a t i o n  was made in  A p r i l ,  
May, o r  in  th e  b e g in n in g  o f  J u n e ; c i r c u l a r  a r e a s  3 f e e t  in  r a d iu s  
around  each  co ttonw ood t r e e  w ere  sp ray ed  ( P la t e  4 ) .  B ro a d c a s t sp ra y  
o f  A m izine p roduced  h y p e r tro p h y  o f  co ttonw ood s h o o t - t i p s ,  s u g g e s t in g  
a  h o rm o n e -lik e  a c t i o n  o f  th e  ch em ica l compounds ( P la te  5 ) .  ACP-W-799
a t  th e  r a t e  o f  800 cc  p e r  100 g a llo n s  o f  w a te r  was e f f e c t i v e  in  th e  
c o n t r o l  o f  a n n u a l s u c c u le n t  v in e s  ( P la te  6 ) .  I n  p l a n t a t i o n s ,  A m izine 
sh o u ld  be  a p p l ie d  by d i r e c t e d  sp ra y  b e fo re  th e  v in e s  c lim b  th e  t r e e s ;  
a  heavy b ro a d c a s t  s p ra y  may c a u se  c u rv in g  o f  th e  t i p s  o f  co ttonw ood 
s h o o ts .
W hile  b r o a d le a f  weeds and g ra s s e s  com pete f o r  s o i l  m o is tu re  and 
s o i l  n u t r i e n t s  w ith  young co tto n w o o d , v in e s  r e p r e s e n t  a  much more 
s e r io u s  p rob lem  d u r in g  th e  e n t i r e  l i f e  o f  th e  t r e e s .  Many v in e  
s p e c ie s  have  e x te n s iv e  r o o t  sy stem s w hich s p re a d  in  th e  s u r f a c e  s o i l  
and p e n e t r a te  t o  d e p th s  below  5 f e e t .  Young v in e s  form  a  d en se  
canopy by c lim b in g  o v e r s e e d l in g s  and s a p l i n g s ,  c a u s in g  sh o o t 
d e fo rm a tio n  and o f t e n  b re a k in g  young t r e e s .  V ines a l s o  tw i s t  a b o u t 
th e  tru n k s  o f  la r g e  t r e e s  ( P la te  7 ) re d u c in g  th e  q u a l i t y  o f  th e  lo g ,  
s tu n t in g  th e  grow th  o f  t r e e s  by sh a d in g  th e  c ro w n s, and f i n a l l y ,  i f  
n o t  c o n t r o l l e d  a t  th e  r i g h t  t im e , k i l l i n g  th e  t r e e s .  T here  a r e  a  
g r e a t  number o f  v in e  s p e c ie s  in  th e  s o u th e a s te r n  p a r t  o f  th e  U n ited
P la te  4 .  R e s u l ts  o f  weed c o n tro l  w ith  Amizine 
fo u r  months a f t e r  a p p l i c a t io n .
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P la te  5 . H y pertrophy  in  th e  m e r is te m a tic  t i s s u e  
o f  a  cottonw ood shoot caused  by a 
b ro a d c a s t  sp ra y  w ith  A m izine.
P la te  6 . C o n tro l o f  v in e s  w ith  ACP-W-799 h e r b ic id e .
P la te  7 . Cottonwood stem  overgrow n by p e re n n ia l  v in e s .
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S t a t e s ,  e s p e c ia l l y  on f e r t i l e  b o tto m la n d  s o i l s ;  such  v in e s  a r e  e i t h e r  
l ig h t-d e m a n d in g  o r t o l e r a n t  and have  p r e f e r e n c e  f o r  e i t h e r  l i g h t  
o r-h ea v y  s o i l  (M a isen h e ld er 1 9 5 8 ). M a ise n h e ld e r  (1960) and McKnight 
(1970) in c lu d e d  v in e s  among th e  fo re m o s t enem ies o f  cottonw ood p l a n t a ­
t i o n s  .
C hem ical c o n t r o l  o f  v in e s  a p p e a rs  to  b e  more d e t r im e n ta l  to  th e  
co ttonw ood t r e e s  th a n  to  t h e 'v i n e s  th e m s e lv e s . The m ost r e l i a b l e  
m ethod o f  p r o te c t in g  cottonw ood t r e e s  from  v in e s  i s  by c u t t i n g  them 
down once ev ery  sea so n  on la r g e  t r e e s  and tw ic e  on s m a ll t r e e s . F o r 
co m p le te  weed c o n t r o l  i n  co ttonw ood  p l a n t a t i o n s  M a ise n h e ld e r (1960) 
a d v ise d  m aking a t  l e a s t  tw o, and i n  some c o n d i t io n s  even  f i v e ,  c u l t i ­
v a t io n s  d u r in g  th e  f i r s t  grow ing s e a s o n . C u l t iv a t io n s  sh o u ld  be 
tim ed  to  e l im in a te  b o th  s p r in g  w eeds and l a t e  summer weeds and m ust 
be  o f  such  a  freq u e n cy  t h a t  th e  a v e ra g e  h e ig h t  o f  weeds a t  no tim e 
ex ceed s o n e -h a lf  th e  h e ig h t  o f  t h e  t r e e s .  C u l t iv a t io n  c o s ts  may ra n g e  
from  $10 to  $15 p e r  a c r e ,  d ep en d in g  on th e  number o f  c u l t i v a t i o n s  and
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on th e  amount o f  handwork r e q u i r e d  f o r  w eeding  th e  im m ediate  v i c i n i t y  
o f  th e  t r e e s  (McKnight 1970, D anneberg  1 9 7 0 ).
S i t e s  w ith  abu n d an t grow th  o f  Jo h n so n  g ra s s  (Sorghum h a le p e n s e  
(L .)  P e r s . )  r e p r e s e n t  a  s p e c i a l  c a s e  o f  weed c o n t r o l .  K rin a rd  (1964) 
d id  n o t su cceed  in  a  s a t i s f a c t o r y  c o n t r o l  o f  t h i s  g ra s s  e i t h e r  by 
f r e q u e n t  d is k in g  o r  by th e  a p p l i c a t i o n  o f  h e r b i c id e s .  M cKnight (1970) 
e x p re s se d  th e  o p in io n  t h a t  th e  e x te r m in a t io n  o f  Jo h n so n  g ra s s  m ust be 
acco m p lish ed  one y e a r  b e fo re  p l a n t in g  co ttonw ood and c o n s id e re d  t h i s  
t r e a tm e n t  a s  a  p a r t  o f  s i t e  p r e p a r a t i o n .  He e x p la in e d  i n  d e t a i l  a l l
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th e  s te p s  o f  t h i s  c o s t l y  e n t e r p r i s e .
P ru n in g
An e x te n s iv e  re v ie w  o f  l i t e r a t u r e  (a b o u t 60 r e f e r e n c e s )  on th e  
s u b je c t  o f  f o r e s t - t r e e  p ru n in g  was p re s e n te d  by Sm ith  (1962); how ever, 
o n ly  th r e e  w orks d e a l in g  w ith  hardwood p ru n in g  w ere in c lu d e d . Some o f  
h i s  b a s ic  recom m endations on p ru n in g  a r e  g iv e n  below .
An im provem ent o f  t r e e  b o le  q u a l i t y  by "p ru n in g  in te n d e d  fo r  
p ro d u c tio n  o f  c l e a r  lum ber o r  v e n e e r ,  sh o u ld  be l im ite d  to  t r e e s  t h a t  
a r e  grow ing r a p id ly  i n  d ia m e te r ,"  s in c e  th o s e  t r e e s  u s u a l ly  a r e  d e s t in e d  
to  form  th e  f i n a l  c ro p .  T h e re fo re ,  t r e e s  on good s i t e s  sh o u ld  r e c e iv e  
p r e f e r e n t i a l  c o n s id e r a t io n .  P ru n in g  sh o u ld  commence a t  an  ag e  when th e  
low er b ra n c h es  s t a r t  to  d ie  and sh o u ld  be perfo rm ed  in  s t e p s .  P runed  
b o le  le n g th  sh o u ld  be  a d ju s te d  to  f i t  w h a tev e r b o le - le n g th ,  lo g - l e n g th ,  
o r  any co m b in a tio n  o f  th e s e  le n g th s  i s  d e s i r e d .  P ru n in g  a t  h ig h  l e v e l s  
can  be j u s t i f i e d  o n ly  on a  l im i te d  number o f  th e  b e s t  t r e e s ,  w hich  
sh o u ld  be c a r e f u l l y  s e l e c t e d .  The speed  o f  wound h e a l in g  depends 
l a r g e ly  on th e  r a t e  o f  d ia m e te r  g row th  o f  th e  b o le ,  d ia m e te r  o f  th e  
p runed  b ra n c h , and th e  p e r io d  o f  th e  y e a r  when p ru n in g  c u ts  a r e  m ade.
N e s te ro v  (1933) e x p la in e d  th e  p ro c e s s  o f  n a t u r a l  p ru n in g  a s  a  
r e s u l t  o f  r e d u c t io n  i n  p h o to s y n th e s is  in  le a v e s  on low b ra n c h e s . T h is  
r e d u c t io n  i s  due to  low l i g h t  i n t e n s i t y  i n  t h i s  p o r t io n  o f  th e  crown 
caused  by crow n c lo s u r e  in  th e  m ain can o p y , e s p e c ia l l y  in  th e  p re s e n c e  
o f  a  d en se  u n d e r s to r y .  C o n se q u e n tly , p o ta s s iu m , p h o sp h o ru s , n i t r o g e n ,  
and m agnesium , b u t  n o t  c a lc iu m  and s i l i c o n ,  move from  b ran ch  to  s te m . 
E l im in a t io n  o f  dead b ra n c h e s  i s  g r e a t l y  enhanced  by m ech an ica l im pact
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o f u n d e rs to ry  c ro w n s.
W ith re g a rd  to  p o p la r s ,  S t r e e t s  (1962) s t a t e d  t h a t  in  th e  p ro d u c­
t io n  o f  tim b e r  f o r  v e n e e r  and m atches p ru n in g  i s  e s s e n t i a l ,  and i t  i s  
in te n d e d  to  c o n f in e  a l l  k n o ts  to  a  c e n t r a l  c o re  o f  a b o u t 3 in c h e s  in  
d ia m e te r .  The b e s t  r e s u l t  from  p ru n in g  can  be a c h ie v e d  when p ru n in g  
i s  done in  s t e p s .  I n  th e  f i r s t  y e a r ,  b o tto m  s p ro u ts  and d o u b le  le a d e rs  
sh o u ld  be rem oved. I n  th e  second  y e a r ,  t r e e s  can  be p runed  to  a 
h e ig h t  o f  a b o u t 4 f e e t .  T h e r e a f te r  p ru n in g  can  be done as  h ig h  as  
p r a c t i c a l ,  up to  25 to  30 f e e t ;  b u t  f o r  th e  p u rp o se  o f  maximum s u s ­
ta in e d  g ro w th , t r e e s  sh o u ld  n o t  be  p runed  to  more th a n  two th i r d s  o f 
t h e i r  t o t a l  h e ig h t .  J o h n s o n 's  (1959) o p in io n  was t h a t  " th e  f a s t e r  th e  
t r e e s  grow , th e  so o n e r  th e y  sh o u ld  be p ru n e d ."  The l i v e  crown shou ld  
n o t be red u ced  below  50 p e r c e n t  o f  t o t a l  t r e e  h e ig h t .  H is s tu d y  o f 
cottonw ood p ru n in g  showed t h a t  44 p e r c e n t  o f  c u ts  1 .5  to  2 .5  in c h es  in  
d ia m e te r  h e a le d  by th e  end o f  th e  f i r s t  y e a r ,  and th e  r e s t  o f  th e  c u ts  
w ere c lo se d  a f t e r  two y e a r s .  Wounds made by th e  p ru n in g  o f  dead 
b ran ch es  h e a le d  j u s t  a s  q u ic k ly  a s  l iv e - b r a n c h  w ounds. Only two 
ep ico rm ic  b ra n c h e s  a p p ea re d  d u r in g  th e  f i r s t  grow ing sea so n  a f t e r  
p ru n in g .
R e t te lb a c h  (Zycha e t  a l .  1959) n o te d  t h a t  th e  b e s t  tim e  f o r  
p ru n in g  p o p la r s  i n  Germany i s  th e  end o f  J u n e .  P ru n in g  e a r l i e r  in  th e  
grow ing se a so n  p rovoked  e p ic o rm ic  b ra n c h in g . P runed h e ig h t  o f  t r e e s  
younger th a n  6 y e a r s  o ld  sh o u ld  n o t  exceed  one t h i r d  o f  th e  t o t a l  
t r e e  h e ig h t .  T re e s  10 to  25 y e a r s  o ld  c a n  be p runed  up to  one h a l f  o f  
t r e e  h e ig h t ,  and a f t e r  25 y e a r s  crown le n g th  may be red u ced  to
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40 p e rc e n t  o f  t r e e  h e ig h t .
E g g le r  (1955) s tu d ie d  th e  r a d i a l  grow th  o f  s e v e r a l  hardwood s p e ­
c i e s  in  s o u th e rn  L o u is ia n a .  He found  t h a t  th e  m ajo r r a d i a l  in c rem en t 
o f  cottonw ood (0 .1 8  in ch  p e r  m onth) o c c u rs  d u r in g  th e  p e r io d  o f  A p r i l  
th ro u g h  J u n e , a s  com pared to  o n ly  0 .0 3  in c h ,  w hich  was th e  combined 
grow th o f  M arch and J u l y .  R a d ia l  grow th  cea sed  a t  th e  end o f  J u l y .  
T h is  in fo rm a tio n  s u g g e s ts  t h a t  in  L o u is ia n a  th e  p ro p e r  p e r io d  f o r  
p ru n in g  i s  from  th e  end o f  F e b ru a ry  u n t i l  m id-M arch. The crown l o s t  
by p ru n in g  may be p a r t l y  r e p la c e d  b e f o r e  th e  tim e  o f  inaximum h e ig h t  
g ro w th . F a s t  r a d i a l  grow th  w i l l  a c c e l e r a t e  h e a l in g  o f  th e  wounds o f 
th e  c u t  lim b s . P ru n in g  sh o u ld  be made a  c o u p le  o f  y e a r s  b e fo re  th e  
c u r r e n t  an n u a l h e ig h t  grow th  re a c h e s  i t s  p e a k . I n  t h i s  way, th e  t r e e  
w i l l  have tim e  to  r e s t o r e  th e  crow n and r e - e s t a b l i s h  an  optimum r o o t -  
sh o o t r a t i o  b e fo re  th e  p eak  o f  c u r r e n t  a n n u a l in c r e a s e  in  th e  b r e a s t -  
h e ig h t  d ia m e te r  o c c u r s .
M cKnight (1970) b e l ie v e d  t h a t  " to  a v o id  can k e r d i s e a s e s ,  wounds 
sh o u ld  n o t  be  c r e a te d  d u r in g  th e  w in t e r .  The b e s t  tim e  to  p ru n e  
ap p ea rs  to  be  s p r in g  o r  sum m er."
The B e lg ia n  M atch Company (S c h re in e r  1959) p ru n es  p o p la r  t r e e s  to  
o n e - th i r d  o f  t h e i r  h e ig h t  a t  th e  ag es  o f  8 t o  10 y e a r s ,  betw een  10 and 
15 y e a r s  to  h a l f  t h e i r  h e i g h t ,  and a f t e r  15 y e a r s  th e  le n g th  o f  pruned 
b o le  i s  in c re a s e d  to  tw o - th i r d s  o f  th e  t o t a l  t r e e  h e ig h t .
P ru n in g  o f  p o p la rs  i n  Y u g o s la v ia  (B ura 1967) b e g in s  i n  th e  t h i r d  
y e a r  a f t e r  p l a n t in g .  T w o -y ea r-o ld  u n ro o te d  sw itc h e s  o r  ro o te d  
s a p l in g s  a r e  c o m p le te ly  s t r i p p e d  o f  b ra n c h e s  a t  th e  tim e  o f  p la n t in g .
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D uring  th e  f i r s t  an d  th e  second  y e a r  a f t e r  p la n t in g  o n ly  ep ico rm ic  
b ran ch es  and b ra n c h es  up to  o n e - th i r d  o f  t r e e  h e ig h t  a r e  rem oved. 
B eg inn ing  w ith  th e  f i f t h  y e a r  in  th e  f i e l d ,  p o p la rs  a r e  pruned  s t e p ­
w ise  to  o n e -h a lf  o f  t r e e  h e i g h t ,  and a f t e r  th e  e ig h th  y e a r  o n ly  one- 
t h i r d  o f  t r e e  h e ig h t  i s  m a in ta in e d  in  l i v e  crow n.
E a r ly  G rowth o f  Cottonwood 
The d e f i n i t i o n  o f t h e  e a r ly  grow th  p e r io d  i s  a  m a tte r  o f  o p in io n . 
T h is  p e r io d  may b e  no m ore th a n  a  few weeks i f  p r o g r e s s iv e  grow th o f 
th e  t r e e s  d u rin g  o n e  grow ing se a so n  i s  th e  p o in t  o f  i n t e r e s t .  I t  may 
be f o r  as long  as i t  i s  n eeded  f o r  t r e e s  to  re a c h  a  s ta g e  when a 
p la n ta t io n  i s  re a d y  to  f u r n i s h  some m e rc h a n ta b le  wood m a te r ia l  such 
a s  pulpw ood, i .  e .  to  an  age  o f  th e  f i r s t  th in n in g  i f  th e  f i n a l  g o a l 
i s  to  p roduce la r g e  t im b e r .  T h is  s ta g e  a l s o  depends upon th e  i n i t i a l  
s p a c in g , s u r v iv a l ,  and s i t e  o f  th e  p l a n t a t i o n .
F or a  com parison  o f  th e  f i r s t  s e v e n -y e a r  grow th o f  th e  p la n te d  
cottonw ood t r e e s  r e p o r t e d  in  t h i s  s tu d y ,  s e v e r a l  r e f e r e n c e s  c o n ta in in g  
d a ta  fo r  n a tu r a l  a n d  p la n te d  s ta n d s  o f c o rre sp o n d in g  age i n  th e  
so u th e rn  and c e n t r a l  U n ite d  S ta te s  a r e  rev iew ed  below .
Growth in  N a tu ra l S ta n d s
W illiam son (1913) co m p iled  grow th and y i e l d  d a ta  f o r  f u l l y  
s to c k e d  n a tu r a l  co tto n w o o d  s ta n d s  i n  th e  M is s i s s ip p i  V a l le y .  T ree  
h e ig h t s ,  dbh , and vo lum es i n  c u . f e e t  and b d . f e e t  w ere  p re s e n te d  f o r  
s ta n d s  from  5 to  50 y e a r s  o f  a g e . A t 5 , 6 , and 7 y e a r s  o f  a g e , 
a v e ra g e  t r e e  h e ig h ts  w ere  2 2 , 2 9 , and 36 f e e t ;  dbh v a lu e s  w ere 2 .0 ,
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2 .8 ,  and 3 .5  in c h e s ;  and stem -wood volum es p e r  a c r e  w ere 650 , 875, and 
1025 c u . f e e t ,  r e s p e c t iv e ly .  A t th e  ag e  o f  7 y e a r s  th e r e  w ere  1045 
t r e e s  p e r  a c r e .  A ccord ing  to  t h e s e  d a t a ,  th e  c u r r e n t  a n n u a l volume
in c re m en t in  c u . f e e t  c u lm in a ted  a t  th e  ag e  o f  12 y e a r s .  A t t h a t
t im e , a p p ro x im a te ly  450 c u . f e e t  o r  3 .6  c o rd s  o f  p e e le d  wood was p ro ­
duced p e r  a c r e .  The a v e rag e  a n n u a l g ro w th , how ever, c o n tin u e d  to
in c r e a s e  u n f-il th e  s ta n d  was 16 y e a r s  o ld ,  when 243 t r e e s  85 f e e t  t a l l  
and 9 .8  in c h es  dbh rem ained  p e r  a c r e ,  w ith  a  t o t a l  o f  4150 c u . f e e t  o f 
stem  wood.
Jo h n so n  (1965) r e p o r te d  t h a t  th e  a v e ra g e  h e ig h ts  o f  dom inant 
s e e d l in g s  e s ta b l is h e d  in  b u lld o z e d  s t r i p s  on c o m p le te ly  c le a r e d  p lo t s  
w ere 3 .8 ,  7 .0 ,  and 10 .0  f e e t  a t  t h e  end o f  1 , 2 ,  and 3 y e a r s ,  w h ile  
c o rre sp o n d in g  h e ig h ts  on p lo t s  sh ad ed  by deadened  t r e e s  w ere  3 .0 ,  6 .1 ,  
and 9 .0  f e e t .  I n  some fa v o ra b le  lo c a t io n s  i n d iv id u a l  t r e e s  a t t a in e d  
h e ig h ts  o f  23 f e e t  and 2 .2  in c h e s  dbh a f t e r  th r e e  y e a r s  o f  g row th .
M aise n h e ld e r (1960) o b se rv ed  t h a t  co ttonw oods i n  n a t u r a l  s ta n d s  
on th e  b e t t e r  s i t e s  in  th e  n o r th e a s te r n  p a r t  o f  M is s i s s ip p i  grew 0 .7 5  
to  1 in c h  in  d ia m e te r  and 4 to  5 f e e t  i n  h e ig h t  a n n u a lly  up to  th e  
age  o f  2 5 . N a tu ra l  s ta n d s  on good s i t e s  y ie ld e d  a b o u t 24 c o rd s  o f  
pulpwood a t  10 y e a rs  and 50 c o rd s  a t  15 y e a r s .
Neebe and F le tc h e r  (1960) found  t h a t  in  M is s o u r i ,  i n  th r e e  
n a t u r a l  s ta n d s  o f age 8 w ith  216 0 , 1760, and 1160 t r e e s  p e r  a c r e ,  dbh 
av e rag e d  2 .8 ,  2 .9 ,  and 3 .8  in c h e s ,  r e s p e c t i v e l y .  I n  th e  f i r s t  s ta n d ,  
w hich  was n o t th in n e d , dbh o f  720 t r e e s  s u r v iv in g  to  th e  age o f  14 
a v e rag ed  5 .7  in c h e s ;  in  th e  second  s t a n d ,  th in n e d  a t  age 8 to  420
t r e e s  p e r  a c re  and a l l  s u rv iv in g  t o  age 14, dbh av erag ed  6 .1  in c h e s ;  
i n  th e  t h i r d  s ta n d ,  th in n e d  to  600 t r e e s  a t  age 8 , th e  dbh o f  th e  360 
t r e e s  w hich  su rv iv e d  to  age  14 av erag ed  7 .3  in c h e s . The m o r t a l i t y  o f  
80 p e r c e n t  d u r in g  th e  f i r s t  s i x  y e a r s  in  th e  u n th in n e d  s ta n d  was among 
t r e e s  o f  a v e ra g e  d ia m e te r  o r  s m a l le r .  I n  two o th e r  n a t u r a l  s ta n d s  8 
y e a r s  o ld ,  th e  a v e rag e  dbh o f  2100 t r e e s  p e r  a c r e  was 2 .4  in c h e s ,  and
t h a t  o f  1840 t r e e s  p e r  a c r e  was 2 .5  in c h e s .  The f i r s t  o f  th e s e  two
s ta n d s  rem ained  u n th in n e d  and c o n ta in e d  840 t r e e s  a t  th e  age o f  11 
w ith  a v e ra g e  dbh o f  4 .1  in c h e s ;  th e  second p l o t  was th in n e d  a t  age 8 
t o  800 t r e e s ,  o f  w hich  600 t r e e s  su rv iv e d  t o  age 11 ; t h e i r  a v e ra g e  dbh 
was 4 .5  in c h e s .  T here  was no s i g n i f i c a n t  d i f f e r e n c e  betw een  h e ig h ts
and  dbh i n  th e  n a tu r a l  s ta n d s  and p la n ta t io n s  o f  th e  same a g e .
W alker (1967) found t h a t ,  i n  a  n a tu r a l  s ta n d  on s i l t  loam s o i l  i n  
Oklahom a, 1912 cottonw ood t r e e s  p e r  a c r e  av erag ed  1 .35  in c h e s  i n  dbh 
a t  th e  ag e  o f 3 . I n  th e  same s t a n d ,  a t  ag es  6 and 7 w ith  1320 and 
1128 t r e e s  p e r  a c r e ,  a v e rag e  dbh v a lu e s  w ere 2 .7 5  and 3 .2 2  in c h e s ,  and 
b a s a l  a r e a s  w ere  54 .6  and 6 3 .9  s q .  f e e t  r e s p e c t iv e ly .  A t th e  ag e  o f  
10 in  th e  same s ta n d ,  th e r e  w ere 664 t r e e s  w ith  7 9 .3  s q .  f e e t  o f  b a s a l  
a r e a  p e r  a c r e ,  a v e ra g in g  4 .6 7  in c h e s  in  dbh.
W hite  and C a r te r  (1970) u sed  stem  a n a ly s i s  f o r  d e te rm in in g  6 -y e a r  
h e ig h ts  o f  cottonw ood t r e e s  grown on v a r io u s  s i t e s  in  n a t u r a l  s ta n d s  
o f  d i f f e r e n t  d e n s i t i e s  i n  so u th w e s t A labam a. A verage h e ig h ts  o f  
d om inan t and codom inant t r e e s  ran g ed  from  3 2 .4  to  5 5 .4  f e e t  d ep en d in g  
on grow th  c o n d i t io n s .
Growth i n  P la n ta t io n s
B u ll  and Putnam  (1941) r e p o r te d  t h a t  f i r s t - y e a r  h e ig h t  grow th o f
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20 - in c h - lo n g  cottonw ood c u t t i n g s  p la n te d  on a  r id g e  w ith o u t  weed 
c o n t r o l  was 9 in c h e s ;  th e  same s i z e  c u t t in g s  p la n te d  in  a  swamp d id  
n o t grow a t  a l l .  F o r ty - in c h - lo n g  c u t t in g s  grew to  23 in c h e s  in  h e ig h t  
when p la n te d  on a  r id g e  and to  56 in c h e s  in  a  swamp. S ix ty - in c h - lo n g  
c u t t i n g s  p la n te d  on a  r id g e  reach ed  a  h e ig h t  o f  30 in c h e s ,  and when 
p la n te d  i n  a  swamp grew to  57 in c h es  in  h e ig h t .  S e e d lin g s  w ith  
s h o r te n e d  f o o ts  and to p s  c u t  back  to  4 in c h e s  ( b a r b a t e l l e s )  p la n te d
on a  r id g e  grew  in  th e  f i r s t  y e a r  to  a  h e ig h t  o f  24 in c h e s ,  and p la n te d
in  a  swamp re a ch e d  a  h e ig h t  o f  49 in c h e s .  B a r b a te l l e s  w ith  to p s  c u t
b ack  to  18 to  24 in c h e s  p la n te d  on a r id g e  a v e rag ed  38 in c h e s  in  h e ig h t ;
p la n te d  in  a  swamp th e y  w ere  61 in c h es  t a l l .  S e e d lin g s  w ith  s h o r te n e d  
r o o t s  and w ith  i n t a c t  to p s  grew 44 in c h es  in  h e ig h t  when p la n te d  on a  
r id g e  and re a c h e d  78 in c h e s  i n  h e ig h t  when p la n te d  i n  a  swamp.
Neebe and F le tc h e r  (1960) re p o r te d  t h a t  in  M is s o u r i ,  f o r  an  8- y e a r -
o ld  co ttonw ood p l a n t a t i o n  e s ta b l i s h e d  on s i l t  loam s o i l  a t  6 - b y - 10-  
f o o t  s p a c in g , th e  a v e ra g e  dbh was 5 .7  in c h e s  in  th e  p l o t  w ith  375 t r e e s  
p e r  a c r e  and 6 .2  in c h e s  in  th e  p lo t  w ith  385 t r e e s  p e r  a c r e ;  i n  th e  
f i r s t  p l o t ,  w hich  was n o t  th in n e d , th e  dbh o f  232 t r e e s  w hich  su rv iv e d  
to  an  age  o f  14 was 8 .9  in c h e s ;  on th e  second  p l o t  w h ich  was th in n e d
t o  190 t r e e s  a t  th e  age  o f  8 , th e  dbh o f  180 t r e e s  w hich  s u rv iv e d  to
th e  age  o f  14 was 1 0 .0  in c h e s .  The a u th o rs  found t h a t  th e  r a t e  o f  
g row th  o f  dom inan t t r e e s  had n o t been  a f f e c t e d  by th in n in g ,  b u t  th e  
g row th  r a t e s  o f  codom inan t and in te rm e d ia te  t r e e s  had b een  in c re a s e d  
by th in n in g .
B ro a d fo o t (1960a) r e p o r te d  t h a t  cottonw ood t r e e s  p la n te d  on
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R o b in s o n v i l ie  o r  F o r e s td a le  s o i l  s e r i e s  grew n e a r ly  tw ic e  a s  f a s t  as on 
S harkey  s e r i e s ,  and on A l l i g a t o r  s e r i e s  grow th was in te r m e d ia te .  On 
R o b in s o n v i l le  s e r i e s  t r e e s  a t  th e  age o f  5 av erag ed  43 f e e t  i n  h e ig h t  
and 5 in c h e s  i n  dbh , w h ile  t r e e s  on Sharkey  s e r i e s  av e rag e d  38 f e e t  i n  
h e ig h t  and 5 in c h e s  in  dbh a t  th e  age o f  11 , and t r e e s  on A l l i g a t o r  
s e r i e s  re a ch e d  40 f e e t  i n  h e ig h t  and 5 in c h es  i n  dbh a t  th e  ag e  o f  8 .
M a ise n h e ld e r  (1960) r e p o r te d  t h a t  cottonw ood t r e e s  p la n te d  on a 
good s i t e  in  n o r th w e s te rn  M is s i s s ip p i  av erag ed  1 3 .5  f e e t  i n  h e ig h t  a t  
th e  end o f  th e  f i r s t  g row ing  s e a s o n ; a  few t r e e s  grew to  1 9 .0  f e e t .
I n  a n o th e r  p l a n t a t i o n  on a  r i d g e ,  6 - y e a r - o ld  t r e e s  a v e rag e d  22 f e e t  in  
h e ig h t  and 2 .6  in c h e s  i n  dbh . I n  th e  same p l a n t a t i o n  a t  th e  f o o t  o f  
th e  r i d g e ,  t r e e s  a v e rag ed  31 f e e t  in  h e ig h t  and 4 .1  in c h e s  i n  d b h .
R a n d a ll and Mohn (1969) re c o rd e d  t h a t  dbh o f  4 - y e a r - o ld  t r e e s  
p la n te d  a t  10 -by-10  fo o t  sp a c in g s  av erag ed  5 .7  in c h e s  on Commerce 
s i l t  loam  (ran g e  4 .1  to  7 .3 )  and 2 .8  in c h e s  on Sharkey  c la y  (ra n g e  2 .0  
to  3 . 9 ) .
Mohn e t  a l .  (1970) c a lc u la te d  grow th f o r  random ly o b ta in e d  c o t to n -  
. wood c lo n e s  ( c o n t r o l )  and f o r  14 s e l e c t  c lo n e s .  The f iv e - y e a r  t r e e  
h e ig h t  o f  c o n t r o l  c lo n e s  on Commerce s i l t  loam a v e rag e d  5 1 .2  f e e t  w ith  
a  dbh o f  6 .3  in c h e s  and on S harkey  c la y  2 8 .4  f e e t  and 3 .3  in c h e s .  The 
same ag e  t r e e s  o f  s e l e c t  c lo n e s  on Commerce s i l t  loam a v e rag e d  5 6 .8  
f e e t  in  h e ig h t  (ran g e  5 3 .4  to  6 1 .4 )  and 7 .6  in c h e s  i n  dbh (ran g e  7 .0  to  
8 .5 ) ;  w h ile  on Sharkey  c la y  3 1 .6  f e e t  o f  h e ig h t  (ran g e  2 8 .4  to  3 4 .3 )  
and 3 .8  in c h e s  o f  dbh (ran g e  3 .3  to  4 .6 )  w ere o b ta in e d .
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Blackmon (1971) r e p o r te d  t h a t  th e  f i r s t - y e a r  h e ig h t  grow th o f  
2 0 - in c h - lo n g  c u t t i n g s  p la n te d  18 in c h e s  deep in  Sharkey  c la y  v a r ie d  
from  5 to  8 f e e t  and on Commerce s i l t  loam  from  11 to  12 f e e t ,  dep en d in g  
on th e  am ount o f  p r e c i p i t a t i o n  d u r in g  th e  grow ing s e a so n . T w o -y ea r-o ld  
t r e e s  on th e s e  s o i l  s e r i e s  re a ch e d  13 and 26 f e e t ,  and th r e e - y e a r - o ld  
t r e e s  w ere 17 and 34 f e e t ,  r e s p e c t iv e ly .  H e ig h ts  o f  t r e e s  from  2 0 - 
in c h  and 3 2 - in c h - lo n g  c u t t i n g s  p la n te d  18 and 30 in c h es  deep, r e s p e c ­
t iv e ly ,  i n  9 - in c h -d ia m e te r  h o le s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  from  th e  
h e ig h ts  o f  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod.
King (1962) r e p o r te d  t h a t  f i r s t - y e a r  t r e e  h e ig h t  av erag ed  7 f e e t  
in  a  co ttonw ood p l a n t a t i o n  w ith  a b o u t 350 t r e e s  p e r  a c r e  in  s o u th ­
e a s te r n  T e x a s .
The Texas F o r e s t  S e rv ic e  (1971) r e p o r te d  t h a t  i r r i g a t i o n  o f  
co ttonw ood on a  Norwood c la y  loam im proved th e  tw o -y ear h e ig h t  grow th  
to  16 f e e t  a s  com pared to  13 f e e t  on u n i r r i g a t e d  p l o t s .  I r r i g a t e d  
t r e e s  on M i l l e r  c la y  a t t a in e d  an  a v e ra g e  h e ig h t  o f  24 f e e t  b e ca u se  
o f  h ig h e r  m o is tu re -h o ld in g  c a p a c i ty  o f  t h i s  s o i l .
M cAlpine (1964) r e p o r te d  t h a t  co ttonw ood t r e e s  p la n te d  in  G eo rg ia  
w ith  c u t t in g s  o b ta in e d  from  th e  M is s i s s ip p i  D e lta  grew to  an  a v e ra g e  
h e ig h t  o f  45 f e e t  and dbh o f  5 in c h e s  i n  s i x  y e a r s .
M e r r i t t  and Bram ble (1966) r e p o r te d  t h a t  5 - y e a r -o ld  co ttonw oods 
in  p l a n t a t i o n s  i n  In d ia n a  a t t a i n e d  a v e ra g e  h e ig h ts  o f  2 7 .0  to  3 2 .6  f e e t  
and dbh o f  3 .2  to  4 .0  in c h e s ,  d ep en d in g  on th e  ty p e s  o f  c u l t u r a l  
t r e a tm e n t s .
F arm er (1964) found  t h a t  m ale t r e e s  w ere  s i g n i f i c a n t l y  (0 .0 5
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p r o b a b i l i t y  l e v e l )  t a l l e r  th a n  fem ale  t r e e s .  The dbh d i f f e r e n c e  due 
to  sex  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  even  though dbh o f m ale  t r e e s  
was c o n s i s t e n t l y  g r e a t e r .
M in ck le r  (1970) s tu d ie d  th e  e f f e c t s  o f  5 - ,  7 - ,  1 0 - , 1 4 - , and 2 0 -  
fo o t  s q u a re  s p a c in g s ,  two th in n in g  m ethods, and p ru n in g  o f  dead  
b ran ch es  on f iv e - y e a r  grow th  o f  co ttonw ood t r e e s  in  I l l i n o i s .  T ree s  
p la n te d  a t  14- and 20 - f o o t  sp a c in g s  w ere n o t  th in n e d ;  b o th  m e c h a n ic a l 
and f r e e  th in n in g s  i n  t r e e s  a t  5 - ,  7 - ,  and 1 0 - fo o t  sp ac in g s  w ere  made 
in  th e  t h i r d  and f o u r th  y e a r  (25 p e r c e n t  o f  t r e e s  w ere removed a t  e ach  
t im e ) . The f iv e - y e a r  b a s a l  a r e a  in  u n th in n e d  p la n ta t io n s  was r e l a t e d  
in v e r s e ly  t o  s p a c in g ;  i t  was 69 s q .  f e e t  f o r  t r e e s  i n  5 - f o o t  s p a c in g s  
and 21 s q .  f e e t  f o r  t r e e s  i n  2 0 - fo o t  s p a c in g s .  The e f f e c t s  o f  th in n in g  
became s h a r p ly  a p p a re n t  d u r in g  th e  f i f t h  y e a r  o f  g row th . The f i f t h -  
y e a r  h e ig h t  and dbh in c re m e n ts  o f  u n th in n e d  t r e e s  a t  20 - f o o t  s p a c in g s  
w ere more th a n  th r e e  tim e s  h ig h e r  th a n  th o s e  -of t r e e s  a t  5 - f o o t  
s p a c in g s . In c re m e n ts  o f  t r e e s  a t  o th e r  sp a c in g s  w ere in te r m e d ia te .  The 
f i f t h - y e a r  d ia m e te r  grow th  o f  f r e e - th in n e d  t r e e s  was ab o u t e q u a l  to  
t h a t  o f  w id e -sp a c e d  t r e e s  and much g r e a t e r  th a n  th a t  o f  m e c h a n ic a lly  
th in n e d  t r e e s .  The le n g th  o f  b o le  w ith  p runed  dead  b ran ch es  was 
in v e r s e ly  r e l a t e d  t o  s p a c in g  and ran g ed  from  17 f e e t  f o r  t r e e s  a t  5 -  
fo o t  sp a c in g s  to  5 f e e t  f o r  t r e e s  a t  2 0 - f o o t  s p a c in g s . Unpruned t r e e s  
had o n ly  a b o u t 2 f e e t  o f  c l e a r  b o le ;  le n g th  o f  c l e a r  b o le  d id  n o t 
v a ry  among s p a c in g s .
METHODS AND PROCEDURES
L o c a tio n  o f  th e  E x p e rim en ta l P la n ta t io n s  
F iv e  p l a n t a t i o n s  w ere e s t a b l i s h e d  to  s tu d y  th e  e f f e c t s  o f  d i f f e r ­
e n t  f a c to r s  on g row th  o f  cottonw ood t r e e s .  Four p la n ta t io n s  a re  
lo c a te d  on th e  e a s t  bank o f  th e  M is s i s s ip p i  R iv e r  ab o u t 5 m ile s  s o u th -  
s o u th e a s t  o f  S t .  F r a n c i s v i l l e  in  W est F e l i c i a n a  P a r i s h ,  L o u is ia n a  
(F ig u re  4 ) .  The g e o g ra p h ic  lo c a t io n  o f  th e s e  fo u r  p la n ta t io n s  i s  be­
tw een  th e  3 0 °4 2 '0 0 "  N and 3 0 °4 2 '4 0 "  N l a t i t u d e s  and a t  9 1 °2 0 '3 0 "  W 
lo n g i tu d e .
The 1961 p l a n t a t i o n  i s  lo c a te d  on th e  S t .  F r a n c i s v i l l e  P ap e r 
Company f o r e s t  la n d s  in  S e c tio n  4 9 , Township 4 S o u th , Range 2 W est.
The 1962, 1963, and 1964 p l a n ta t io n s  a r e  e s t a b l i s h e d  on th e  Crown 
Z e l le rb a c h  C o rp o ra tio n  f o r e s t  la n d s  i n  S e c tio n  4 8 , Township 4 S o u th , 
Range 2 W est (F ig u re  5 ) .  The f i f t h  p l a n t a t i o n ,  e s ta b l i s h e d  in  1968, 
i s  lo c a te d  a t  th e  N u rse ry  o f  th e  S choo l o f  F o r e s t r y  and W ild l i f e  
Management on th e  campus o f  L o u is ia n a  S ta te  U n iv e r s i ty  in  B aton Rouge. 
F o r th e  sak e  o f  b r e v i t y  th e  p l a n ta t io n s  a r e  named in  t h i s  r e p o r t  by 
th e  y e a r  o f  p l a n t in g ;  i . e .  " th e  1961 p l a n t a t i o n , "  " th e  1962 p l a n t a t i o n ,  
and so o n .
L ayou t o f  th e  1961 P la n t a t i o n  
The 1961 p l a n t a t i o n  i s  th e  m ain p l a n t a t i o n  o f  t h i s  s tu d y . The 
o th e r  fo u r  p l a n t a t i o n s  w ere e s t a b l i s h e d  one a t  a  tim e  to  t e s t  th e  
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Figure 4. Location of experimental cottonwood plantations (circled).
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P la n ta t i o n  P i t  # S o i l  s e r i e s
R o b in so n v ilie1961 -
Commerce
R o b in so n v ille1962
Commercea.
10•H
1963 - C revasse
Commerce




F e e t
F ig u re  5 . F ie ld  la y o u t o f  th e  e x p e r im e n ta l  co ttonw ood p l a n ta t io n s  
n e a r  S t .  F r a n c i s v i l l e ,  L o u is ia n a .  The num bers 1 t o  15 
d en o te  lo c a t io n s  o f  s o i l  sam p lin g  p i t s .
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from  th e  1961 p l a n t a t i o n .
The 1961 p l a n t a t i o n  was e s t a b l i s h e d  i n  an  abandoned c o t to n  f i e l d  
w hich was c le a r e d  o f  b ru sh  v e g e ta t io n  and s in g l e  t r e e s .  P r io r  to  
p l a n t in g ,  th e  ground was weeded by a  sh a llo w  c r o s s - d i s k in g .  The 1 .3 7 -  
a c r e  ground a r e a ,  150 f e e t  w ide (n o r th - s o u th )  and 400 f e e t  lo n g  ( e a s t -  
w e s t ) ,  was d iv id e d  in to  24 b lo c k s  o f  50 by 50 f e e t .  A long th r e e  s id e s  
(n o r th ,  e a s t ,  and s o u th )  a  20 - f o o t-w id e  s t r i p  was se c u re d  as  a  d iv id e r  
be tw een  th e  e x p e r im e n ta l p l a n t a t i o n  and a  com m ercial co ttonw ood p l a n t a ­
t i o n  e s ta b l i s h e d  th e  same y e a r .  A f iv e - b y - f o u r  f a c t o r i a l  d e s ig n  w ith  
s i n g l e - t r e e  p lo t s  random ly lo c a te d  i n  each  o f  th e  24 b lo c k s  was u sed  in  
t h i s  e x p e r im e n t. The e f f e c t s  o f  20 t r e a tm e n t  co m b in a tio n s  o f  f i v e  
p la n t in g  d e p th s  (1 .3 ,  2 .0 ,  3 .0 ,  4 . 0 ,  and 5 .0  f e e t )  w ith  fo u r  le n g th s  
o f  c u t t i n g  above th e  ground ( 0 .3 ,  2 .0 ,  3 .5  and 5 .0  f e e t )  w ere t e s t e d  
on s u r v iv a l  and grow th o f  t r e e s .
To t e s t  v a r i a t i o n s  in  s u r v iv a l  and grow th [c ^ , h ^ , and (h^ -  Cq )J 
due  t o  th e  e f f e c t s  o f  and C^, a  s e r i e s  o f  r e g r e s s io n  a n a ly s e s  and 
a n a ly s e s  o f  v a r ia n c e  w ere made.
The model f p r  th e  a n a ly s e s  o f  v a r ia n c e  i s  a s  fo l lo w s :
Source  o f  v a r i a t i o n  D egrees o f  freedom
B locks 23
P la n t in g  d e p th  (C^) 
E r ro r  (a ) 92
4
L eng th  o f  c u t t i n g  above 
th e  ground (C, ) 3
I n t e r a c t i o n  (C^) x  (C^) 12
E r ro r  (b) 345
Total 479
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The cottonw ood c u t t in g s  f o r  th e  e x p e r im e n ta l  p l a n t a t i o n  w ere ob­
ta in e d  from  th e  L o u is ia n a  F o r e s t r y  Commission n u rs e ry  a t  C olum bia, 
L o u is ia n a . A t t h a t  tim e th e  C om m ission 's c u t t i n g s  w ere  grown from  
w ild in g s  w hich  w ere  c o l l e c te d  in  th e  Red R iv e r  V a l le y .  Thus th e  
c u t t in g s  d id  n o t  r e p r e s e n t  any d e f i n i t e  s in g l e  c lo n e .  Only w e ll-fo rm ed  
and sound sw itc h e s  w ere u sed  f o r  p r e p a r a t io n  o f  th e  e x p e r im e n ta l 
c u t t i n g s .
A f te r  th e  c u t t in g s  w ere c u t  to  th e  r e q u ir e d  s i z e s  th e y  w ere 
p la n te d  a c c o rd in g  to  th e  la y o u t  p re s e n te d  i n  F ig u r e  6 . F o r  th e  id e n ­
t i f i c a t i o n  o f  lo c a t io n s  o f  random ly a s s ig n e d  p l a n t in g  t r e a tm e n ts ,  th e  
fo llo w in g  co d in g  sy stem  was u se d .
Code D e s c r ip t io n  o f  t re a tm e n ts
10 P la n t in g  d e p th  1 .33  f t  (16 i n . )
20  "  "  2.00  "
30 " " 3 .0 0  "
40 " " 4 .0 0  "
50 " " 5 .0 0  "
1 L ength  o f  c u t t i n g  above ground 0 .3 3  f t  (4 i n . )
2 "  "  "  11 "  2 .00  "
3 " " " " " 3 .5 0  "
4 " 11 "  " "  5 .0 0  "
As an exam ple, code number 32 r e f e r s  to  a  c u t t i n g  p la n te d  3 f e e t  deep  
w ith  a  2 - f o o t - lo n g  p o r t io n  above g round .
The c u t t i n g s  w ere  p la n te d  a t  1 0 - fo o t  s p a c in g  in  th e  n o r th - s o u th  
d i r e c t i o n ,  and a t  1 2 .5  f e e t  in  th e  e a s t - w e s t  d i r e c t i o n .  The p la n t in g  
h o le s  f o r  d e p th s  to  3 f e e t  w ere p re p a re d  w ith  a  1 - in c h -d ia m e te r  s t e e l  
b a r ,  and th e  h o le s  d e e p e r  th a n  3 f e e t  w ere  made w ith  a  2 .5 - in c h -d ia m e te r  
b u c k e t s o i l  a u g e r .  C u tt in g s  w ere i n s e r t e d  i n  th e  h o le s  w hich  w ere 
th e n  f i l l e d  in  w ith  s o i l  and tamped f i r m ly  w ith  a  wood p o le .  No
B lock !L B lock I B lock 3 B lock  4 I 1 B lock B lock B lock 1 B lock 8
23 11 54 34 11 31 21 13 54 11 31 42 34 33 12 41 33 51 44 11 33 52 32 41 11 42 54 12 33 24 11 43
12 43 41 44 12 24 51 22 14 44 32 12 14 43 11 32 21 23 53 42 12 13 23 14 44 33 43 34 32 12 14 13
52 31 51 32 44 23 54 33 34 21 41 13 13 54 42 51 43 34 41 13 31 42 51 21 31 21 51 52 42 51 54 34
53 22 13 24 34 14 43 41 51 43 52 22 23 52 53 44 24 54 22 14 34 53 54 22 53 14 41 23 52 21 23 31
33 14 42 21 53 32 52 42 53 24 33 23 24 21 22 31 52 31 12 32 43 11 24 44 32 24 13 22 41 22 44 53
Block 3 B lock LO B lock LI B lock L2 B lock 13 B lock 14 B lock 15 B lock 16
42 13 11 53 41 53 31 44 32 33 31 43 13 43 11 21 22 41 44 51 11 32 31 22 54 14 33 53 54 11 41 21
34 22 43 24 52 22 21 32 34 44 12 23 12 32 51 24 42 34 14 13 12 34 23 44 52 34 44 22 44 24 53 13
33 44 41 3 2 ®  13 34 51 54 51 13 22 5 4 © 5 4  22 34 52 53 43 33 23 © 1 3  14 21 24 21 51 11 12(4 )12  33 42 24
52 12 31 21 42 24 43 23 53 41 21 42 23 44 33 41 11 32 12 31 42 54 53 52 13 43 32 42 51 34 14 52
14 51 54 23 33 12 11 14 52 24 14 11 42 14 53 31 54 24 52 21 43 33 51 41 23 24 31 41 32 22 31 43
o
B lock L7 B lock 18 B lock 19 B lock 20 B lock 21 B lock 22 B lock  23 B lock 24
13 51 32 44 53 34 33 12 34 31 14 12 11 33 58 23 52 34 23 24 33 32 22 43 33 12 21 51 12 22 54 23
53 21 34 31 24 54 51 41 54 24 43 33 51 21 32 13 44 53 54 42 13 54 34 11 22 14 52 54 11 41 34 13
41 12 43 52 14 32 52 11 51 11 21 53 54 42 12 41 43 33 21 32 31 23 51 24 44 34 23 41 44 53 51 24
33 14 11 42 21 13 23 22 42 44 13 23 44 34 14 24 31 51 11 14 21 14 44 42 53 32 42 31 21 43 32 14
54 23 24 22 31 44 42 43 22 52 41 32 22 31 52 43 13 41 22 12 12 41 52 53 24 43 11 13 52 42 31 33
F ig u re  6 . L ayout o f  th e  1961 p l a n t a t i o n .  The e n c i r c le d  num bers r e f e r  t o  th e  lo c a t io n s  o f  s o i l  sam pling  
p i t s .
00vo
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i n s e c t i c i d e  t r e a tm e n ts  w ere a p p l ie d  t o  th e  c u t t i n g s .  The p l a n t in g  
o p e r a t i o n s ,  w hich  l a s t e d  th r e e  d a y s , w ere f in i s h e d  on M arch 9 , 1961.
Layout and D esign  o f  th e  1962 P la n t a t i o n
The r e s u l t s  o f  a p re l im in a ry  a n a ly s i s  o f th e  f i r s t - y e a r  s u r v iv a l  
and g row th  d a ta  from th e  1961 p l a n t a t i o n  showed t h a t  th e  s u r v iv a l  and 
th e  sh o o t e lo n g a t io n  (h-^ -  CQ) w ere r e l a t e d  t o  th e  i n t e r a c t i o n  o f  s o i l  
a e r a t i o n  and a v a i l a b le  s o i l  m o is tu r e .  The t o t a l  t r e e  h e ig h t  was 
d i r e c t l y  r e l a t e d  t o  th e  le n g th  o f  l i v e  c u t t in g  above th e  g round  (CQ) .  
T h is  le d  th e  a u th o r  t o  p o s tu l a t e  t h a t  s i g n i f i c a n t  im provem ent o f  t r e e  
g row th  c o u ld  be o b ta in e d  th ro u g h  b re a k in g  a h a rd p an  and m ix in g  f i n e -  
t e x tu r e d  s o i l  w ith  c o a r s e - te x tu r e d  s o i l  i n  d e e p ly  c u l t i v a t e d  p la n t in g  
h o l e s . The grow th  im provem ent was th o u g h t to  be due to  red u ced  s o i l  
co m p ac tio n  and t o  a  homogeneous c a p i l l a r y  s t r u c t u r e  o f  s o i l  in  th e  
v i c i n i t y  o f  th e  e n t i r e  le n g th  o f  th e  s u b te r ra n e a n  p a r t  o f  a  c u t t i n g .
T h e o r e t i c a l l y ,  im proved s o i l  s t r u c t u r e  w ould fa v o r  i n f i l t r a t i o n  o f 
r a i n  w a te r  i n t o  d e ep e r s o i l  s t r a t a  and would g u a ra n te e  a s u s ta in e d  
c a p i l l a r y  r i s e  o f  m o is tu re  from th e s e  s t r a t a  t o  th e  s u r f a c e  s o i l  d u r in g  
a  d ro u g h t p e r io d .  Reduced s o i l  com paction  u s u a l ly  fa v o rs  th e  d e v e lo p ­
m ent o f  r o o ts  w h ile  a  h a rd p an  r e s t r i c t s  ro o t  g ro w th . A la r g e  r o o t  
sy stem  and a  s u s ta in e d  a v a i l a b i l i t y  o f  s o i l  m o is tu re  w ould re d u c e  th e  
d ie b a c k  o f  c u t t i n g s  and would in c r e a s e  th e  g row th  o f  th e  s h o o ts .  
S u p e rp h o sp h a te  mixed w ith  th e  s o i l  i n  th e  p la n t in g  h o le s  and a  sm a ll 
am ount o f  ammonium n i t r a t e  added to  th e  s u r fa c e  s o i l  would a l s o  be 
b e n e f i c i a l  in  a c h ie v in g  d e s i r e d  g row th  r e s u l t s .
B ased on th e  above a s s u m p tio n s ,th e  1962 e x p e r im e n ta l  p l a n t a t i o n
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was e s ta b l i s h e d  w i th  th e  aim  o f  d e te rm in in g  th e  f a c to r s  t h a t  would 
re d u c e  th e  d ie b a c k  o f  c u t t i n g s  and im prove th e  grow th o f  s h o o ts .
The 1962 p l a n t a t i o n  was e s t a b l i s h e d  in  an  abandoned c o t to n  f i e l d .
I t  was weeded by a  sh a llo w  c r o s s - d i s k in g  p r i o r  to  p la n t in g  cottonw ood 
c u t t i n g s  a t  1 0 - f o o t  s p a c in g s .  The e x p e r im e n ta l  p l a n t a t i o n  c o n s i s t s  o f  
t h r e e  p l a n t in g  a r e a s  B^, B^t and B^ (F ig u re  5 ) .  Each a r e a ,  120 f e e t  
w ide  ( n o r th - s o u th )  by  200 f e e t  lo n g  ( e a s t - w e s t ) ,  was d iv id e d  in to  10 
b lo c k s  o f  60 by 40 f e e t .  Each p la n t in g  a re a  was s e p a ra te d  from  a 
com m ercial p l a n t a t i o n  by a  2 0 -fo o t-w id e  b u f f e r  s t r i p .  A 2x2x2x3 
f a c t o r i a l  d e s ig n  was im posed upon each  p l a n t in g  a r e a ,  w ith  th e  24 
t r e a tm e n t  c o m b in a tio n s  random ly a s s ig n e d  to  o n e - t r e e  p lo t s  in  each  b lo c k . 
The a rra n g em en t o f  th e  t r e a tm e n ts  a s s ig n e d  to  th e  p l o t s  was i d e n t i c a l  
i n  each  p l a n t in g  a r e a  (F ig u re  7 ) .  T hus, th e  e x p e r im e n ta l  p l a n t a t i o n  
( th r e e  a r e a s  in c lu d e d )  was c o n s id e re d  a s  b e in g  o f a  s p l i t - p l o t  d e s ig n .
F o r  i d e n t i f i c a t i o n  o f  t r e a tm e n ts  a s s ig n e d  to  th e  p lo t s  th e  fo llo w ­
in g  code was u s e d .
Code D e s c r ip t io n  o f  t r e a tm e n ts
1000 S h a llo w  s o i l  c u l t i v a t i o n
2000 Deep c u l t i v a t i o n  by m ix ing  th e  s o i l  i n  p la n t in g  h o le s
14 in c h e s  i n  d ia m e te r
100 D epth  o f  p l a n t i n g ,  1 .3 3  f e e t  (16 in c h e s )
200 " " "  3 .0 0  "
10 L en g th  o f  c u t t i n g  above th e  g ro u n d , 0 .3 3  f o o t  (4 in c h e s )
20  " " " "  " " 2 .0 0  f e e t
1 No f e r t i l i z e r
2 1 .5  l b s .  o f  su p e rp h o sp h a te  (45% p e r  t r e e
B lock 1_______  B lock  2_______  B lock 3_______  B lock  4_______  B lock  5
1211 2113 2223 1221 2223 1112 2221 1122 2212 2211 2113 2122 2221 2121 1121 1112 1122 2111 2222 1113
1121 1112 1212 2121 1222 2123 2212 1221 1121 1221 2111 1112 2212 1211 2112 2211 2121 1213 1123 1221
1222 1123 2123 2112 1212 1111 2213 1123 1113 1223 2112 1213 1122 1222 2213 1221 1223 2212 2123 2223
1111 1223 1113 2213 1121 2122 1213 2113 2123 2223 2121 2221 2122 2222 2113 1111 2213 1212 1121 2113
2111 1213 2122 2211 2112 2121 1211 1223 1222 1123 1111 1122 1213 1123 2111 2223 2211 1211 2221 2122
2221 1122 2212 2222 2211 2222 
©
2111 1113 2213 1212 1211 2222 1113 1223 2123 1212 
©
1111 1222 1112 2112
B lock  6 B lock 7 B lock  8 B lock 9 B lock 10
2223 2113 1221 2221 1222 1213 2213 2222 2122 1123 2211 2113 2111 2223 1112 1123 1211 1121 2223 2212
2212 1223 2112 1213 2122 2221 2113 1113 1113 2223 1221 2112 2113 2221 1111 2211 2121 1212 2123 1112
1121 2123 1211 2111 1223 2212 2123 1212 1122 2222 1212 1213 1213 2121 1212
c
2212 1213 1123 2221 1221
2213 1112 2122 1111 1123 2112 1112 2121 1211 1223 2221 2123 1121 2112 1221 2122 1223 2113 1222 1111
1122 1113 1212 1222 2223 2111 2211 1121 1121 2111 1111 1222 1113 1122 1211 2213 1113 2213 2211 2111
2121 2222 1123 2211 1211 1111 1221 1122 2213 1112 2121 2212 2222 1223 2123 1222 2112 1122 2222 2122
F ig u re  7 .  L ayout o f  e ach  p la n t in g  a re a  o f  th e  1962 p l a n t a t i o n .  The e n c i r c le d  numbers r e f e r  t o  th e  
lo c a t io n s  o f  th e  s o i l  sam pling  p i t s .  The 1962 p l a n t a t i o n  c o n ta in s  th r e e  o f  th e s e  
p la n t in g  a r e a s .
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3 1 .5  l b s .  o f  45% su p e rp h o sp h a te , ' and 2 o z . o f  ammonium
n i t r a t e  (33.5% N) p e r  t r e e
As an  exam ple, code number 2212 d e n o te s  th e  lo c a t io n  o f  a  4 0 - in c h - lo n g  
c u t t i n g  p la n te d  3 f e e t  deep in  th e  s o i l  m ixed w ith  1 .5  l b s .  o f  s u p e r ­
p h o sp h a te  in  a  14- in c h -d ia m e te r  h o le .
Deep c u l t i v a t i o n  o f  th e  s o i l  was done by  d r i l l i n g  p la n t in g  h o le s  
w ith  a  1 4 - in c h -d ia m e te r  a u g e r u s in g  an  im plem ent a t ta c h e d  to  a  w heeled  
t r a c t o r  ( P la te  8 ) .  The h o le s  w ere d r i l l e d  t o  a  d e p th  e q u a l to  th e  d e p th  
o f  p la n t in g  as  a s s ig n e d  by tre a tm e n t c o d e s . The s o i l  e x ca v a ted  
from  th e  h o le s  was exposed to  w e a th e r in g  f o r  a  p e r io d  o f  a b o u t two 
months ( P la te  9 ) .  A t th e  tim e  o f p la n t in g  a  c u t t i n g  was p la c e d  
v e r t i c a l l y  in  th e  c e n te r  o f  each h o le .  The h o le s  w ere  th e n  r e f i l l e d  
w ith  s o i l  th o ro u g h ly  mixed in  o rd e r  to  make i t s  t e x t u r e  a s  homogeneous 
a s  p o s s ib le .  Where su p e rp h o sp h a te  was a s s ig n e d ,  i t  was mixed w ith  th e  
s o i l  w h ile  r e f i l l i n g  th e  h o le s .  D uring  th e  r e f i l l i n g  o p e r a t io n  th e  
s o i l  was r e p e a te d ly  com pacted w ith  a  wood p o le .
The p la n t in g  h o le s  in  u n d is tu rb e d  s o i l  w ere  punched w ith  a  s t e e l  
b a r  1 .2 5  in c h e s  in  d ia m e te r .  Where s u p e rp h o sp h a te  was a p p l ie d  in  
u n d is tu rb e d  s o i l ,  i t  was p la c e d  in  th r e e  1- in c h - d ia m e te r  h o le s  punched 
w ith  a  s t e e l  b a r  a t  a  r a d i a l  d is ta n c e  o f  a p p ro x im a te ly  8 in c h e s  from  
th e  p la n te d  c u t t i n g .  The ammonium n i t r a t e  was p la c e d  a b o u t 4 in c h e s  
deep  in  th e  s o i l  in  two s l i t s  w hich w ere made w ith  a  sp ad e  on o p p o s i te  
s id e s  o f  th e  c u t t i n g  and 9 in c h es  from  i t .
D uring  th e  p la n t in g  o p e ra t io n s  th e  d ia m e te r s  a t  b o th  ends o f  th e  
c u t t in g s  w ere m easured w ith  a  p r e c i s io n  o f  one m i l l im e te r  .
Plate 8. Equipment for drilling planting holes.
P la te  9 . Planting area w ith  prepared h o le s .
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To t e s t  th e  s ig n i f ic a n c e  o f  th e  t r e a tm e n ts  a f f e c t i n g  th e  s u r v iv a l  
and grow th  o f  th e  1962 p l a n t a t i o n ,  r e g r e s s io n  a n a ly s e s  and a n a ly s e s  o f 
v a r ia n c e s  w ere made. The a n a ly s i s  o f  v a r ia n c e  m odel f o r  a  s in g le  
e x p e r im e n ta l  a re a  i s  a s  fo l lo w s :
S o u rce  o f  v a r i a t i o n D eg rees  o f
B locks 9
Deep c u l t i v a t i o n Q 1
D epth o f  p la n t in g Cd 1
L eng th  o f  c u t t in g  above 
th e  ground Ch 1
F e r t i l i z e r E
I n t e r a c t i o n Q x  Cd 1
ii Q x  Ch 1
VI Q x  E 2
IV
Cd x  ch 1IV Cd x  E 2
II ^  x  E 2
E r r o r 216
T o ta l 239
Layout and D esign  o f  th e  1963 P l a n t a t i o n
The r e s u l t s  o f  th e  a n a ly s is  o f  th e  d a ta  from  th e  1962 p l a n t a t i o n  
showed t h a t  th e  a p p l i c a t io n  o f  ammonium n i t r a t e ,  to g e th e r  w ith  s u p e r -  
. p h o sp h a te , produced  a  p o s i t i v e  e f f e c t  on t r e e  g row th  on a l l  th r e e  
p la n t in g  a re a s  ( s i t e s ) .  However, t h i s  t r e a tm e n t  r e s u l t e d  i n  a  low 
s u r v iv a l  on p la n t in g  a re a  B^, a  d ry  s i t e .  T h is  su g g e s te d  t h a t  a  
s a t i s f a c t o r y  s u r v iv a l  and grow th  r a t e  on a  d ry  s i t e  w ould r e q u i r e  
p r o t e c t io n  o f  th e  s o i l  from  e x c e s s iv e  e v a p o r a t io n .  The a p p l i c a t io n  
o f  a  m ulch seemed to  be  th e  s o l u t io n  to  th e  p ro b le m . The 1963 
p l a n t a t i o n  was d esig n ed  to  t e s t  t h i s  p re m is e . S in c e  th e  m ain 
p u rp o se  o f  th e  ex p erim en t was to  t e s t  th e  e f f e c t s  o f  th e  tr e a tm e n ts
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in te n d e d  f o r  d ro u g h t p r o t e c t i o n ,  m ost o f  th e  'p la n ta t io n  was e s t a b l i s h e d  
in  a r e a  (F ig u re  5 ) ,  th e  d r i e s t  s i t e  (C rev asse  s o i l  s e r i e s )  on w hich  
n a t u r a l l y  e s t a b l i s h e d  cottonw ood s ta n d s  c o u ld  s t i l l  b e  fo u n d . The 
a r e a  was o r i g i n a l l y  an  abandoned f i e l d .  I n  1962, th e  a r e a  was u sed  f o r  
com m ercial co ttonw ood p la n t in g ;  how ever, th e  p l a n t a t i o n  f a i l e d  b e c a u se  
o f  99 p e rc e n t  m o r t a l i t y .  I n  o rd e r  to  o b ta in  some in fo rm a t io n  c o n c e rn ­
in g  th e  e f f e c t s  o f  m ulches on a  r e l a t i v e l y  m o is t s i t e  (Commerce s o i l  
s e r i e s ) ,  a r e a  C£ (F ig u re s  5 and 8 ) was in c lu d e d  i n  th e  1963 p l a n t a t i o n .  
The p l a n t a t i o n  c o n s is te d  o f  22 b lo c k s :  18 b lo c k s  on th e  d ry  s i t e  and
4 b lo c k s  on th e  m o is t s i t e .  The e x p e r im e n ta l  d e s ig n  was th e  same f o r
b o th  p a r t s  o f  th e  p l a n t a t i o n ,  e x c e p t f o r  th e  number o f  r e p l i c a t i o n s .
A 2x2x2x2x3 s p l i t - p l o t  d e s ig n  w ith  18 r e p l i c a t i o n s  on s i t e  C^ 
and fo u r  r e p l i c a t i o n s  on s i t e  C  ̂ was u sed  f o r  e s t a b l i s h i n g  th e  1963 
p l a n t a t i o n .
A lthough  th e  m ain p u rp o se  o f th e  e x p e rim en t was to  t e s t  th e  
m u lch es , o th e r  t r e a tm e n ts  s im i l a r  to  th o s e  a p p l ie d  to  th e  1962 p l a n t a ­
t i o n  w ere  a l s o  in c lu d e d  in  th e  d e s ig n .
The e f f e c t s  o f  two l e v e l s  o f  b e d d in g , two l e v e l s  o f  m u lc h in g , two
le v e l s  o f  deep  c u l t i v a t i o n ,  two d e p th s  o f  p l a n t in g ,  and th r e e  le n g th s  
o f  c u t t i n g  above th e  ground w ere t e s t e d  on f i r s t - y e a r  s u r v iv a l  and 
grow th  o f  co ttonw ood in  th e  p l a n t a t i o n .
To i d e n t i f y  th e  48 f a c t o r i a l  t r e a tm e n t  c o m b in a tio n s  a s s ig n e d  in  
s p l i t - p l o t  a rran g em en t to  s i n g l e - t r e e  p l o t s ,  th e  fo l lo w in g  code sy stem  
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F ig u re  8 . L ayout o f  th e  1963 p l a n t a t i o n  showing b lo c k s ,  b u f f e r  s t r i p s ,  and bed d in g  t r e a tm e n t .
No b ed d in g  i s  d e s ig n a te d  by -B ; bedd ing  i s  d e s ig n a te d  by +B. The e n c i r c le d  numbers 
r e f e r  t o  th e  lo c a t io n s  o f  th e  s o i l  sam pling  p i t s .  The o th e r  numbers d e s ig n a te  b lo c k s .
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Code D escrip tion  o f treatm ents
10000 No c u l t i v a t i o n  o f  th e  s u r fa c e  s o i l  by b ed d in g  
20000 S o i l  c u l t i v a t i o n  by bedd ing  a f t e r  p la n t in g
1000 No m ulch ing
2000 M ulching  by lam in a ted  k r a f t  p ap er pads 2 f e e t  sq u a re  
100 S hallow  c u l t i v a t i o n  o f  th e  s o i l
200 Deep c u l t i v a t i o n  by m ix ing  th e  s o i l  in  p l a n t in g  h o le s  9 in c h e s
i n  d ia m e te r
10 D epth o f  p la n t in g  1 .33  f e e t  (16 in c h e s )
20 Depth o f p lan tin g  3 .0 0  fe e t
1 L en g th  o f c u t t in g  above th e  g ro u n d , 0 .3 3  f o o t  (4  in c h e s )
2 " "  " " " 11 2 .0 0  f e e t
3 •' •• 11 " » » 3 .6 6  "
The c u tt in g s  used were obtained from the L ouisiana F orestry  
Commission Nursery, Minden, L ouisiana, and were o f an unknown g en e tic  
o r ig in . About two dozen sw itches w ith s tr ik in g ly  d if f e r e n t  morpho-
e
l o g i c a l  c h a r a c t e r i s t i c s  from th o se  commonly o b serv ed  i n  n a t iv e  c o t to n ­
wood w ere e l im in a te d  from  th e  p la n t in g  s to c k  ( P la t e  1 0 ) .  The c u t t in g s  
w ere  p la n te d  a t  10- f o o t  s p a c in g s , ex cep t i n  th e  b u f f e r  s t r i p s  betw een 
th e  bed d in g  t r e a tm e n ts  where 2 0 -fo o t sp a c in g  was u sed  (F ig u re  9 ) .
Deep c u l t i v a t i o n  was done u s in g  th e  same te c h n iq u e  a s  i n  th e  1962 
p l a n t a t i o n ,  e x c e p t f o r  th e  d ia m e te r  o f  p l a n t in g  h o le s ,  w h ich  was a t  
t h i s  tim e  9 in c h e s  in s te a d  o f  14 in c h e s . The d ia m e te r  o f  th e  
h o le  was re d u c ed  because  o f  a  c o a rse  s o i l  t e x tu r e  i n  s i t e  C ^. A s p h a lt-  
la m in a te d  k r a f t  p a p e r , c u t i n to  2 - f o o t  sq u a re  p a d s , was u sed  f o r  
m u lch in g . In  th e  c e n te r  o f  each  pad two c r o s s - s l i t s  w ere  made w ith  a
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P la t e  10 . M o rp h o lo g ica l d i f f e r e n c e  in  cottonw ood c u t t in g s  
o f  two p h en o ty p es . The c u t t i n g  on th e  r i g h t  i s  
ty p ic a l  o f  n a t iv e  co ttonw ood; th e  c u t t i n g  on th e  
l e f t  i s  a t y p i c a l ,  and such  c u t t in g s  w ere e l im i ­
n a te d  from  t h i s  ex p e rim en t.
1 0 0
21221 21121 22212 22122 11123 11211 12123 12212
21223 21122 22213 22121 11122 11213 12121 12213
21222 21123 22211 22123 B lock
1
11121 11212 12122 12211
21213 21112 22222 22111
X
11112 11223 12111 12222
21211 21111 22223 22112 11113 11222 12112 12221
21212 21113 22221 22113 11111 11221 12113 12223
22121 22212 21213 21121 12112 12213 11222 11123
22122 22213 21211 21123 12113 12211 11221 11121
22123 22211 21212 21122 B lock
9
12111 12212 11223 11122
22112 22223 21221 21111 12113 12221 11213 11113
22111 22221 21222 21113 12111 12223 11212 11111
22113 22222 21223 21112 12112 12222 11211 11112
B edding No B edding
F ig u re  9 . A rrangem ent o f  t r e a tm e n t  co m b in a tio n s  i n  th e  1963
p l a n t a t i o n .  The f i r s t  two b lo c k s  a r e  shown ab o v e , a s  
an  exam ple o f  t r e a tm e n t  a r ra n g e m e n ts . Each f i v e ­
d i g i t  code number d e n o te s  th e  t r e a tm e n t  co m b in a tio n  
t h a t  was a p p l ie d  to  a c u t t i n g  p la n te d  a t  th e  
p a r t i c u l a r  s p o t .
k n i f e  in  o rd e r  to  s l i p  th e  pad o v e r th e  p la n te d  c u t t in g  w ith o u t  dam aging 
th e  b u d s . A f te r  th e  pad was p u t on th e  g ro u n d , i t  was co v ered  w ith  
s o i l  to  a t t a c h  i t  f i r m ly  to  th e  g round . Where th e  b ed d in g  t r e a tm e n t  was 
a p p l ie d ,  th e  pads w ere covered  w ith  a  s o i l  l a y e r  a p p ro x im a te ly  1 
in c h  th i c k .  C u l t iv a t io n  o f  th e  s u r fa c e  s o i l  by bed d in g  (som etim es 
c a l l e d  a la y -b y  c u l t i v a t i o n )  was done w ith  a 20 - i n c h - d i s c  c u l t i v a t o r  
( f o u r  d is k s )  p u l le d  by a  t r a c t o r  betw een th e  p la n t in g  ro w s . B ecause 
th e  d i s c s  w ere mounted a s  in  a  f i r e  p low , th e  s o i l  was tu rn e d  o v e r 
to w ard s  th e  rows o f  p la n te d  c u t t i n g s ,  form ing r id g e s  on b o th  s id e s  o f  
th e  ro w s .
The b e n e f i t s  o f  c u l t i v a t i o n  by bedd ing  a r e  m a n ifo ld ; i t  i n c r e a s e s  
th e  e f f e c t i v e  ro o t in g  zo n e , i t  p r o t e c t s  th e  o r i g i n a l  ground  s u r f a c e  from  
d ry in g ,  and i t s  a l t e r n a t i n g  d i t c h - r i d g e  sy stem  re d u c es  r u n o f f .
To t e s t  th e  s ig n i f ic a n c e  o f  th e  v a r i a t i o n  in  th e  s u r v iv a l  and 
t r e e  grow th  in  th e  1963 p l a n t a t i o n ,  th e  fo llo w in g  m odel was u sed  f o r  
th e  a n a ly s i s  o f  v a r ia n c e .
Source o f v a r ia tio n  S ite  S ite  C£
d . f .  d . f .
T o ta l  863 191
B locks 17 3
B edding (B) 1 1
E r ro r  (a )  17 3
M ulch (M) 1 1
I n t e r a c t i o n  (B x M) 1 1
E r ro r  (b ) 34 6
Deep c u l t i v a t i o n  o f  s o i l  (Q) 1 1
I n t e r a c t i o n  (B x  Q) 1 1
" (M x  Q) 1 1
" (B x  M x Q) 1 1
E r ro r  (c )  68  12
1 0 2
Source o f  v a r i a t i o n  (c o n tin u e d )  S i t e  S i t e  C2
d . f .  d . f .
D epth o f  p la n t in g (c d ) 1
I n t e r a c t i o n (Q x cd ) 1
n (M x Cd ) 1
n (M x Q x  Cd ) 1
it (B x  Cd ) 1
n (B x Q x Cd ) 1
(B x  M x  Cd ) 1
19 (B x  M x  Q x Cd ) 1
E r ro r  (d ) 136 24
L eng th  o f  c u t t in g  above th e  ground (Cu) 2 2
I n t e r a c t i o n (Cd x  Ch ) 2 2
II (Q x  Ch ) 2 2
II (Q x Cd x Ch ) 2 2
II (M x  Ch ) 2 2
II (M x Cd x  Ch ) 2 2
II (M x  Q x Ch ) 2 2
II (M x  Q x  Cd x Ch ) 2 2
It (B x Ch ) 2 2
It (B x Cd x Ch ) 2 2
II (B x Q x  Ch) 2 2
II (B x Q x C, x C .) 2 2
II (B x M x C[J) 2 2
II (B x  M x Cd x  C^) 2 2
II (B x M x  Q x  C^) 2 2
" (B x M x Q x  Cd x  Cjj) 2 2
E r ro r  (e ) 544 96
Layout and D esign  o f  th e  1964 P la n ta t io n
The r e s u l t s  o f  th e  a n a ly s i s  o f  th e  d a ta  from th e  1963 p l a n t a t i o n  
showed t h a t  c u l t i v a t i o n  o f  s u r f a c e  s o i l  by bedd ing  (B ) , deep c u l t i v a ­
t i o n  by m ix in g  th e  s o i l  in  p la n t in g  h o le s  9 in c h e s  i n  d ia m e te r  and 3 
f e e t  deep  (Q ), th e  d e p th  o f  p l a n t in g  th e  c u t t in g s  (Cd ) ,  and t h e i r  
i n t e r a c t i o n s  (B x  Q) and (Q x Cd ) w ere th e  f a c to r s  w hich  im proved s i g ­
n i f i c a n t l y  th e  f i r s t - y e a r  s u r v iv a l  and grow th  o f  cottonw ood on th e  d ry  
s i t e  ( c p .
S in ce  each  o f  th e  t r e a tm e n ts  (B , Q, and Cd ) c o n tr ib u te d  to  th e
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o v e r a l l  r e s u l t s ,  th e  a u th o r  p o s tu la te d  t h a t  th e  volum e o f  c u l t i v a t e d  
s o i l  in  th e  im m edia te  v i c i n i t y  o f  a  p la n te d  c u t t i n g  i s  th e  m ost 
im p o r ta n t f a c t o r  a f f e c t i n g  th e  s u r v iv a l  and grow th  o f  a p l a n t a t i o n .
T rea tm en ts  Q and a re  made i n  a  s in g le  p r e p la n t in g  o p e r a t io n .  
T rea tm en t B i s  a  p o s tp la n t in g  o p e r a t io n  r e q u i r in g  a d d i t io n a l  in v e s tm e n t. 
I f  th e  f i r s t - y e a r  s u r v iv a l  and grow th  depend o n ly  on th e  volume o f 
c u l t i v a t e d  s o i l  around  a c u t t i n g ,  a  s in g le  im proved Q tr e a tm e n t  ( i . e .  
deep c u l t i v a t i o n  in  much l a r g e r  d ia m e te r  h o le s  th a n  w ere  u sed  in  th e
1963 p l a n t a t i o n )  sh o u ld  be a s  e f f i c i e n t  a s  two s e p a r a te  tre a tm e n ts  o f  
Q and B. I n  a d d i t i o n ,  t h i s  new im proved t r e a tm e n t  m ig h t p ro v e  to  be 
e x c e l l e n t  f o r  im p ro v in g  s u r v iv a l  and grow th  o f  s ta n d a r d - s iz e  c u t t in g s  
and th u s  e l im in a te  th e  need  f o r  deep  p la n t in g  o f  lo n g  c u t t i n g s .  The
1964 p l a n t a t i o n  was e s t a b l i s h e d  t o  t e s t  th e s e  p re m ise s  (F ig u re  5 ) .
A 4x2 s p l i t - p l o t  d e s ig n  was u sed  in  th e  la y o u t o f  t r e a tm e n t  com­
b in a t io n s  i n  th e  p l a n t a t i o n .  The e f f e c t s  o f  3 - fo o t-d e e p  c u l t i v a t i o n s  
on th e  s u r v iv a l  and grow th  o f  c u t t i n g s  w ere  t e s t e d .  The s o i l  was mixed 
i n  p la n t in g  h o le s  o f  9 - ,  1 4 - ,  and 1 8 - in c h  d ia m e te r s ;  th e  2 0 - in c h - lo n g  
c u t t in g s  w ere p la n te d  16 in c h e s  deep and th e  4 0 - in c h - lo n g  c u t t in g s  w ere 
p la n te d  36 in c h e s  d e e p . T rees  w ere  p la n te d  a t  1 0 - f o o t  s p a c in g s .  The 
a r e a  o f  th e  p l a n t a t i o n ,  120 f e e t  w ide ( n o r th - s o u th )  and 360 f e e t  lo n g  
( e a s t  w e s t ) ,  was d iv id e d  in to  18 b lo c k s  o f  60 by 40 f e e t .  T rea tm en t 
co m b in a tio n s  w ere  a s s ig n e d  a t  random  to  3 - t r e e  p l o t s  in  each  o f  th e  18 
b lo c k s .
The a r e a  o r i g i n a l l y  was an  abandoned f i e l d .  I n  1962 th e  
f i e l d  was p la n te d  w ith  co tto n w o o d , b u t  m ost o f  th e  t r e e s  e i t h e r  
d ie d  o r  became s e v e r e ly  damaged by  v a r io u s  h e r b ic id e s  w hich  w ere
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t r i e d  in  t h i s  p a r t  o f  th e  p la n ta t io n  d u rin g  th e  1962 grow ing se a so n . 
Some s c a t t e r e d  t r e e s ,  m o s tly  o f  poor form , w ere ro o te d  o u t .  The a re a  
f o r  th e  1964 e x p e r im e n ta l  p l a n t a t i o n  was weeded by c r o s s - d i s k in g  p r io r  
t o  d r i l l i n g  th e  p la n t in g  h o le s .
For i d e n t i f i c a t i o n  o f  th e  tre a tm e n ts  a s s ig n e d  t o  e ach  t r e e  i n  a 
p l o t ,  th e  fo llo w in g  cod in g  system  was u sed  (F ig u re  1 0 ) .
Code D escrip tion  o f the treatm ent
10 S hallow  c u l t i v a t i o n  o f  th e  s o i l ;  p la n t in g  h o le s  punched 3 f e e t
deep  u s in g  a s t e e l  b a r  1- in c h  in  d ia m e te r .
20 Deep c u l t i v a t i o n  by m ix ing  th e  s o i l  in  9 - in . - d ia m . and 3 - f t -
deep  h o le s .
30 Deep c u l t i v a t i o n  by m ix ing  th e  s o i l  in  1 4 - in .- d ia m . and 3 - f t -
deep  h o le s .
40 Deep c u l t i v a t i o n  by m ix ing  th e  s o i l  in  1 8 - in .- d ia m . and 3 - f t -
deep  h o le s .
1 20 - in c h - lo n g  c u t t in g  p la n te d  16 in c h e s  d eep .
2 4 0 - in c h - lo n g  c u t t in g  p la n te d  36 in c h e s  d eep .
The c u t t in g s  f o r  th e  p la n ta t io n  were o b ta in e d  from  th e  L o u is ia n a  
F o r e s t r y  Commission N u rse ry , C olum bia, L o u is ia n a , and th e y  w ere o f  
u n d e term in ed  g e n e t ic  o r i g i n .  P la n t in g  h o le s  o f  9 , 14 , and 18 in c h e s  
i n  d ia m e te r  w ere d r i l l e d  on J a n u a ry  2 1 , le a v in g  e x c a v a te d  s o i l  f o r  
w e a th e r in g  d u r in g  a  f iv e -w e ek  p e r io d .  The c u t t in g s  w ere p la n te d  
F e b ru a ry  2 7 , 1964. To t e s t  th e  s ig n i f ic a n c e  o f  th e  v a r i a t i o n  i n  th e  
s u r v iv a l  and t r e e -g ro w th  in  th e  p l a n t a t i o n ,  th e  fo l lo w in g  m odel was 
u sed  fo r  th e  a n a ly s i s  o f  v a r ia n c e .
S ource o f  v a r i a t i o n  D egrees o f  freedom
B locks 17
H ole d ia m e te r  (H^) 3
B lock  1 B lock  2 B lock  3 B lock  4 B lock  5 . B lock 6 B lock 7 B lock  8 B lock  9
42 11 22 31 12 32 41 22 12 41 21 32 22 12 42 31 31 22 41 12 21 31 12 42 11 32 41 22 21 42 12 31 12 31 22 41
42 11 22 31 12 32 41 22 12 41 21 32 22 12 42 31 31 22 41 12 21 31 12 42 11 32 41 22 21 42 12 31 12 31 22 41
42 11 22 31 12 32 41 22 12 41 21 32 22 12 42 31 31 22 41 12 21 31 12 42 11 32 41 22 21 42 12 31 12 31 22 41
41 12 21 32 11 31 42 21 11 42 22 31 21 11 41 32 32 21 42 11 22 32 11 41 12 31 42 21 22 41 11 32 11 32 21 42
41 12 21 32 11 31 42 21 11 42 22 31 21 11 41 32 32 21 42 11 22 32 11 41 12 31 42 21 22 41 11 32 11 32 21 42
41 12 21 32 11 31 42 2 1 , 11 42 22 31 21 11 41 32 32 21 42 11 22 32 11 41 12 31 42 21 22 41 11 32 11 32 21 42
(» )
Block 10 Block 11 Block 12 Block 13 Block !L4 Block 15 Block !L6 Block 17 Block 18
11 32 42 21 41 32 11 22 31 11 42 22 21 41 32 12 11 21 41 32 21 31 12 42 11 32 21 41 21 41 32 12 31 22 12 41
11 32 42 21 41 32 11 22 31 11 42 22 21 41 32 12 11 21 41 32 21 31 12 42 11 32 21 41 21 41 32 12 31 22 12 41
11 32 42 21 41 32 11 22 31 11 42 22 21 41 32 12 11 21 41 32 21 31 12 42 11 32 21 41 21 41 32 12 31 22 12 41
12 31 41 22 42 31 12 21 32 12 41 21 22 42 31 11 12 22 42 31 22 32 11 41 12 31 22 42 22 42 31 11 32 21 11 42
12 31 41 22 42 31 12 21 32 12 41 21 22 42 31 11 12 22 42 31 22 32 11 41 12 31 22 M 22 42 31 11 32 21 11 42
12 31 41 22 42 31 12 21 32 12 41 21 22 42 31 11 12 22 42 31 22 32 11 41 12 31 22 42 22 42 31 11 32 21 11 42
F ig u re  10 . L ayout o f  th e  1964 p l a n t a t i o n .  The e n c i r c le d  numbers r e f e r  to  th e  lo c a t io n s  o f  th e  s o i l  
sam pling  p i t s .
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Source o f  v a r i a t i o n  (c o n tin u e d )  
E r ro r  (a )
T o ta l  le n g th  o f  c u t t i n g  (Ct ) 
I n t e r a c t i o n  (H^) x  (Ct )
E r ro r  (b )






Layout and D esign  o f  th e  1968 P la n ta t io n
D uring  fo u r  y e a r s  o f  e x p e r im e n ts , a t o t a l  o f  100 d i f f e r e n t  
t r e a tm e n ts  w ere t r i e d  on th e  v a r io u s  s i t e s  u s in g  p la n t in g  s to c k  o f 
u n d e te rm in ed  p a re n ta g e . C o n s id e ra b le  v a r i a t i o n  in  g row th  o f  t r e e s  
w i th in  i d e n t i c a l  t r e a tm e n ts  and s i t e s  was o b serv ed  c o n s i s t e n t l y .  Much 
o f  t h i s  v a r i a t i o n  c o u ld  be a t t r i b u t e d  to  th e  g e n o ty p ic , p h e n o ty p ic , and 
to p o p h y s ic  v a r i a t i o n s  i n  p la n t in g  s to c k .
The 1968 p l a n t a t i o n  was e s t a b l i s h e d  to  t e s t  th e  h y p o th e s is  t h a t  
b o th  th e  genotype and th e  s i z e  o f  c u t t in g  can  produce s i g n i f i c a n t  
e f f e c t  on th e  form and grow th  o f  t r e e s .  Four p o p la r  c lo n e s  w ere used  
f o r  t e s t i n g  t h i s  h y p o th e s is :  P. d e l t o i d e s , a c lo n e  o r ig i n a t in g  .
from  M is s i s s ip p i ;  P. x  eu ra m erica n a  c v . '1 - 4 8 8 ';  P. x e u ra m e r ic a n a , a 
c u l t i v a r  o r ig i n a t in g  from  B elg ium ; and P. x e u ram erican a  cv . '1 - 2 1 4 . '
A c o m p le te ly  random ized d e s ig n  w ith  f iv e  r e p l i c a t e d  1 0 - c u t t in g  p lo t s  
o f  each  p o p la r  c lo n e  was u sed  i n  th e  p l a n t a t i o n .
The p la n ta t io n  was lo c a te d  a t  th e  n u r s e ry  o f  th e  Schoo l o f  F o r e s t ry  
and W ild l i f e  Management on th e  campus o f  L o u is ia n a  S ta te  U n iv e r s i ty ,  
B aton Rouge. To m in im ize  th e  e f f e c t  o f  s i t e  on th e  t r e e  g ro w th , a
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n u r s e ry - ty p e  p l a n t a t i o n  was m ade, i . e .  a v e ry  c lo s e  sp a c in g  was u s e d .
I n  a d d i t i o n ,  th e  p la n t in g  a re a  was le v e le d ,  plowed 1 - f o o t  d e e p , and 
th o ro u g h ly  c u l t i v a t e d .  C u ttin g s  20 in c h e s  long  o b ta in e d  from  a n u rs e ry  
o f  D e lta  M atch Company a t  P r o f i t  I s l a n d ,  L o u is ia n a , w ere b a r - p la n te d
16 in c h e s  deep  a t  2 - f o o t  sp a c in g  in  f iv e  rows 4 f e e t  a p a r t .  D uring
th e  p la n t in g  th e  to p  d ia m e te rs  o f  c u t t in g s  w ere m easured in  m i l l im e te r s  
w ith  a  c a l i p e r .
For i d e n t i f i c a t i o n  o f c lo n e - p lo ts  in  th e  p l a n t a t i o n  th e  fo llo w in g  
code was a p p l ie d :
10 P . d e l to id e s  c l .  'M i s s i s s ip p i '
20 P . x eu ram erican a  c v . '1 -4 8 8 '
30 P . x eu ram erican a  cv . 'B e lg iu m '
40 P . x eu ram erican a  cv . '1 -2 1 4 '
The above code numbers combined w ith  r e p l i c a t i o n  num bers (1 , 2 ,  3 ,  4 ,
and 5 ) were used  fo r  i d e n t i f i c a t i o n  o f  th e  c lo n e  and th e  r e p l i c a t i o n
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F ig u re  11 . L ayout o f  th e  1968 p l a n t a t i o n .
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P e s t  C o n tro l in  th e  E x p e rim en ta l P la n ta t io n s
One o f  th e  m ajo r c o n ce rn s  was th e  p r o te c t io n  o f  th e  cottonw ood 
p l a n ta t io n s  from  damage by in s e c t s  e s p e c ia l l y  d u r in g  th e  f i r s t - y e a r  
g ro w th .
The 1961 p l a n t a t i o n  s u f f e r e d  from  two a t t a c k s  by l e a f  b e e t l e s  
(C h risom ela  s c r i p t s  F a b r . ) .  The f i r s t  a t t a c k  to o k  p la c e  d u r in g  th e  end 
o f  May. I t  was n o t  o b se rv ed  u n t i l  a f t e r  a  l a r g e  number o f  la r v a e  had 
begun to  fe e d  on th e  le a v e s .  A s p ra y  o f  S e v in  i n s e c t i c i d e  (a w e t ta b le  
powder o f  85 p e r c e n t  1 -m e th y l, N -m ethyl c a rb am a te ) a t  th e  r a t e  o f  2 
pounds p e r  100 g a l lo n s  o f  w a te r  p e r  a c r e  d id  n o t c o n t r o l  th e  i n f e s t a ­
t i o n .  The la r v a e  c o n tin u e d  to  d ev o u r th e  f o l i a g e  and th e  n ie r is te m a tic  
t i p s  o f  s h o o ts  to  su ch  an  e x te n t  t h a t  a lm o s t 60 p e rc e n t  o f  th e  t r e e s  
i n  th e  w e s te rn  s i x  b lo c k s  o f  th e  p l a n t a t i o n  became d e c a p i ta te d  w i th in  
a  p e r io d  o f  one week ( P la t e  1 1 ) . As an  em ergency m easu re , DDT sp ra y  
a t  a  r a t e  o f  2 pounds o f  50 p e r c e n t  w e t ta b le  powder in  100 g a l lo n s  
o f  w a te r  was a p p l ie d  w ith  a  d e f i n i t e  e f f e c t .  The second  l e a f - b e e t l e  
a t t a c k ,  w hich  o c c u rre d  a b o u t th e  end o f  A u g u st, was p a r t i a l l y  p re v e n te d  
w ith  DDT s p ra y  when th e  l a r v a e  w ere  s t i l l  s m a l l .  I n  a d d i t i o n ,  two 
a p p l i c a t io n s  o f  DDT a t  a b o u t a  one-w eek i n t e r v a l  w ere needed to  c o n t r o l  
th e  i n f e s t a t i o n .
The developm en t o f  new le a d e r  sh o o ts  u s u a l ly  to o k  a t  l e a s t  fo u r  
w eeks. H ow ever, th e s e  s h o o ts  l o s t  th e  e q u iv a le n t  o f  more th a n  fo u r  
w eek s ' grow th s in c e  th e  v ig o r  o f  th e  new s h o o ts  was c o n s id e ra b ly  l e s s  
th a n  t h a t  o f  th e  o r i g i n a l  s h o o ts .
An in c id e n c e  o f  l e a f  h o p p e r ( I d io c e ru s  s p . )  d u r in g  J u ly  was
P la te  11. A cottonwood shoot d e fo lia te d  
by le a f  b e e t le s .
1 1 0
e f f e c t i v e l y  c o n t r o l le d  w ith  a b ro a d c a s t  s p ra y  o f  S ev in  a t  th e  r a t e  
m en tioned  a b o v e . The o c c u rre n c e  o f  tw ig  b o r e r s  (Gypsonoma 
haim bach iana  K e a r f o t t .  and S ap e rd a  c o n c o lo r  L e e .)  was r a t h e r  s p o r a d ic .  
To red u ce  t h e i r  number th e  damaged b ra n c h es  w ere sim p ly  p runed  and 
b u rn e d .
The e v e n tu a l  in c id e n c e  o f  l e a f  b e e t l e s  i n  th e  1962 p l a n t a t i o n  
was s u c c e s s f u l ly  p re v e n te d  w ith  DDT s p ra y  a s  soon a s  th e  em ergence o f  
th e  la rv a e  from eggs was o b s e rv e d .
As a m easure f o r  p e s t  c o n t r o l ,  th e  sy s te m ic  i n s e c t i c i d e  T h im et-44  
c a rb o n -d u s t  was used f o r  t r e a t i n g  th e  c u t t i n g s  d u r in g  th e  p la n t in g  
o p e ra t io n s  i n  th e  1962 p l a n t a t i o n .  B ecause o f  h ig h  human t o x i c i t y ,  
t h i s  i n s e c t i c i d e  was n o t u sed  in  th e  l a t e r  p l a n t a t i o n s .
No in s e c t  i n f e s t a t i o n s  have b een  o b se rv ed  in  th e  1963 and 1964 
p l a n t a t i o n s .
Survival and Growth Data
T ree  grow th  m easurem ents and r e c o rd in g  o f  m o r t a l i t y  in  th e  1961 
p l a n t a t i o n  w ere made p e r i o d i c a l l y  a t  a p p ro x im a te ly  3 0 -day  i n t e r v a l s  
d u r in g  th e  f i r s t  grow ing s e a so n . The f i r s t  m easurem ent was made on 
A p r i l  13 and th e  l a s t  on O cto b er 3, when more th a n  75 p e rc e n t  o f  th e  
t r e e s  had ceased  g row ing . On O c to b er 17 , a n  a d d i t i o n a l  check  o f  th e  
t r e e s  w hich  had n o t d ev e lo p ed  dorm ant te r m in a l  buds by O c to b er 3 showed 
t h a t  some o f  th e s e  t r e e s  had grown o n ly  0 .2  f o o t .  The f i r s t  m easu re ­
ment o f  th e  h e ig h t  (Cc ) was made from  th e  g round  l e v e l  t o  th e  b ase  o f  
e i t h e r  a le a d e r  sh o o t o r  an  u p p e r opened b u d . The h e ig h t  from  th e  
ground to  th e  v e ry  t i p  o f  th e  l e a d e r  sh o o t (h )  was a l s o  m easu red . Only
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th e  t o t a l  t r e e  h e ig h t  was m easured s u b s e q u e n tly . M easurem ents w ere 
made to  th e  n e a r e s t  0 .1  fo o t  by u se  o f  a  g ra d u a te d  p o le .  A s ta n d a rd  
IBM code s h e e t  was u sed  a s  a  t a l l y  s h e e t  to  a v o id  co p y in g  f i e l d  r e c o r d s . 
A t each  m easurem ent th e  a p p a re n t cau se  o f  d e a th  o f  e ac h  dead  t r e e  
was a l s o  coded on th e  t a l l y  s h e e t .
Two- and th r e e - y e a r  t r e e  h e ig h ts  w ere  m easured to  th e  n e a r e s t  0 .1  
f o o t  by u se  o f  a  t e l e s c o p ic  p o le .  M easurem ent o f  th e  s i x t h -  and s e v e n th -  
y e a r  t r e e  h e ig h ts  was made to  th e  n e a r e s t  0 .5  f o o t  w i th  a  Haga a l t i ­
m e te r .  B eg in n in g  w ith  th e  second  y e a r ,  t r e e  d ia m e te r s  a t  b r e a s t  h e ig h t ,  
m arked w ith  t r e e  tr e a tm e n t  t a g s ,  w ere m easured  to  th e  n e a r e s t  0 .1  in c h  
w ith  a  d ia m e te r  t a p e .
The crown h e ig h ts  o f  3 -  and 6- y e a r - o ld  t r e e s  w ere  m easured  to  th e  
n e a r e s t  0 .1  and 0 .5  f o o t ,  r e s p e c t iv e ly .  The d ia m e te r s  a t  8 .5  f e e t  
above ground o f  6 -  and 7 - y e a r -o ld  t r e e s  and 1 6 .5  f e e t  above ground o f 
7 -y e a r - o ld  t r e e s  w ere  m easured to  th e  n e a r e s t  0 .1  in c h  a t  p o in ts  
marked w ith  aluminum ro o f in g  n a i l s .
F i r s t - y e a r  s u r v iv a l  d a ta  and t r e e  h e ig h t  m easurem ents i n  th e  1962, 
1963, and 1964 p la n t a t i o n s  w ere re c o rd e d  o n ly  a t  th e  end o f  th e  grow ing 
s e a s o n .
I n  th e  1968 p l a n t a t i o n  t r e e  h e ig h t  m easurem ents w ere  made p e r io d i ­
c a l l y  a t  a p p ro x im a te ly  10-d ay  i n t e r v a l s  d u r in g  th e  f i r s t  g row ing  s e a s o n . 
A t th e  end o f  th e  s e a so n  t r e e  d ia m e te rs  a t  4 ,  4 0 , and 80 in c h e s  above 
th e  b a se  w ere m easured i n  m il l im e te r s  by u s e  o f  a  c a l i p e r .
T o ta l  volum e ( o u ts id e  b a rk )  in  cu b ic  f e e t  was com puted f o r  each  
sam ple t r e e  in  th e  1961 p l a n t a t i o n  a t  age 7 , by u s e  o f  an  e q u a tio n  b ased  
on dbh and h e ig h t ,  d e r iv e d  from  120 f e l l e d  co ttonw ood  t r e e s  in  th e
1 1 2
s u rro u n d in g  p l a n t a t i o n  (E q u atio n  72 i n  A ppendix  C, i n  w hich  a l l  
r e g r e s s io n  e q u a tio n s  a r e  l i s t e d .
S am pling , A n a ly se s , and D e s c r ip t io n  o f  S o i l s
A long w ith  th e  grow th d a ta  from  th e  e x p e r im e n ta l  cottonw ood 
p l a n t a t i o n s ,  b a s ic  d a ta  r e f e r e n t  to  th e  v a r io u s  s o i l  p r o p e r t i e s  w ere 
a l s o  c o l l e c t e d .  These d a ta  w ere u sed  e i t h e r  i n  a  d i r e c t  o r  in  a  m odi­
f i e d  form  ( e .g .  = AW/BP) in  a  s o i l  p r o f i l e  in s te a d  o f  AW and BP by
+s o i l  s t r a t a ,  o r  H a c t i v i t y  in s te a d  o f  pH) a s  th e  in d e p en d e n t v a r i a b l e s  
i n  r e g r e s s io n  a n a ly s e s  u sed  to  d e te rm in e  th e  m ost s i g n i f i c a n t  f a c to r s  
w hich  c o n t r o l  th e  grow th o f  cottonw ood t r e e s .
S o i l  Sam pling
D uring  th e  c o u rse  o f  t h i s  s tu d y , s o i l  was sam pled  in  15 p i t s  a t  
e v en ly  d i s t r i b u t e d  lo c a t io n s  in  th e  1961 , 1962, 1963, and 1964 e x p e r i ­
m e n ta l co ttonw ood p la n ta t io n s  (F ig u re  5 ) .  A t each  sam p lin g  p i t  
a p p ro x im a te ly  600 grams o f  lo o se  s o i l  w ere  c o l l e c t e d  from  each  1- f o o t  
s t r a tu m . I n  th e  1961 p l a n t a t i o n  th e  s o i l  was sam pled  to  a  d e p th  
o f  5 f e e t  and in  th e  o th e r  p la n ta t io n s  o n ly  to  a  d e p th  o f  3 f e e t .
To o b ta in  s o i l  s a m p le s , a  b u ck e t s o i l  a u g e r  2 .5  in c h e s  in  d ia m e te r  
was u s e d . The s o i l  sam ples w ere u sed  in  d e te rm in in g  th e  s o i l  p a r t i c l e  
d i s t r i b u t i o n  and s o i l - w a te r  c o n s ta n t s .  I n  a d d i t i o n ,  am ounts o f  a v a i l ­
a b le  phosphorus and e x t r a c ta b le  c a lc iu m , m agnesium  and p o ta s s iu m , and 
r e a c t i o n  o f  th e  s o i l  w ere a ls o  d e te rm in e d . The same sam ples w ere  th e n  
u sed  f o r  th e  i d e n t i f i c a t i o n  o f  s o i l  c o lo r s  and s o i l  s e r i e s .
I n  th e  1961 p l a n t a t i o n ,  an  a t te m p t to  ta k e  s o i l  sam ples s h o r t l y
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a f t e r  p l a n t in g  f a i l e d  b e ca u se  o f  co m ple te  s a t u r a t i o n  o f  th e  s o i l .
B ecause  o f  r i s i n g  w a te r  i n  th e  M is s i s s ip p i  R iv e r ,  th e  a r e a  o f  th e  p l a n t a ­
t i o n  rem ained  f lo o d e d  u n t i l  th e  end o f  J u n e . I n  l a t e  J u l y ,  i n  a d d i t io n  
to  th e  lo o s e  s o i l  sam p le s , c o re s  o f  u n d is tu rb e d  s o i l  w ere  c o l l e c t e d  and 
w ere  u sed  to  d e te rm in e  p e r c o la t i o n  r a t e ,  s o i l  p o r o s i t y ,  and b u lk  
d e n s i t y .  Two superim posed  s o i l  c o r e s ,  6 c e n t im e te r s  in  d ia m e te r  and 
7 .1  c e n t im e te r s  in  h e ig h t  ( i . e .  200 ml o f  volum e) w ere  removed from  eae.h 
1 - f o o t  s t r a tu m  o f  5 - fo o t-d e e p  s o i l  p r o f i l e s  i n  fo u r  sam p lin g  p i t s .
A m anual s o i l  sam p le r s im i l a r  to  th e  one d e s c r ib e d  by Hoover e t  a l .
(1954) was u sed  to  o b ta in  th e  s o i l  c o r e s .
L a b o ra to ry  A n a ly ses
The s o i l  p a r t i c l e  d i s t r i b u t i o n  (S , S i ,  C) was d e te rm in e d  by 
m e ch a n ic a l a n a ly s i s  u s in g  a  m o d ified  Bouyoucos m ethod ( P a t r i c k  1 9 5 8 ).
S o i l  t e x tu r e  was d e te rm in ed  from  th e  s ta n d a rd  s o i l  t e x tu r e  t r i a n g l e  
(S o i l  Survey  S t a f f  19 5 1 ); th e  p e rc e n ta g e s  o f  s a n d , s i l t ,  and c la y  w ere 
u sed  a s  th e  c o o rd in a te s  (F ig u re  48 in  A ppendix  A ) .
Two w a te r  c o n s ta n t s ,  f i e l d  c a p a c i ty  and w i l t i n g  p o i n t ,  w ere  
d e te rm in e d  by th e  te n s io m e tr ic  method by u se  o f  a  p r e s s u r e  e x t r a c t i o n  
a p p a ra tu s  d e s c r ib e d  by th e  U. S . S a l i n i t y  L a b o ra to ry  S t a f f  (1 9 5 4 ).
The a v a i l a b l e  m o is tu re  c o n s ta n t  was c a lc u la te d  by s u b t r a c t i n g  th e  
w i l t i n g  p o in t  v a lu e  from  th e  v a lu e  o f  th e  f i e l d  c a p a c i ty .  The r a t e s  
o f  w a te r  p e r c o la t i o n  in  th e  s o i l  c o re s  w ere d e te rm in e d  by th e  method 
p ro p o sed  by th e  U. S . S a l i n i t y  L a b o ra to ry  S t a f f  (1 9 5 4 ) .
To d e te rm in e  th e  s o i l  p o r o s i ty  th e  w a te r - s a tu r a te d  c o re s  w ere  
p la c e d  on a  te n s io n  t a b l e  s im i l a r  to  t h a t  d ev e lo p ed  by Learner and Shaw
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(1941) and d e s c r ib e d  by Hoover e t  a l .  (1 9 5 4 ). S o i l  c o re s  w ere  s u b je c te d  
to  te n s io n s  e q u iv a le n t  to  5 , 10 , 2 0 , 3 0 , 4 0 , 50 , and 60 c e n t im e te r s  o f  
a  w a te r  co lum n. A f te r  b e in g  s u b je c te d  to  a  s p e c i f i c  te n s io n  f o r  a  
p e r io d  o f  24 h o u r s ,  th e  c o re s  w ere w eighed b e fo re  a  h ig h e r  t e n s io n  
was a p p l i e d .  The d i f f e r e n c e  be tw een  th e  w e ig h t o f  th e  s a tu r a te d  c o re  
and th e  w e ig h t o f  th e  c o re  a f t e r  th e  a p p l i c a t i o n  o f  a  t e n s io n  e q u a ls  
th e  volum e o f  p o re s  w hich  w ere  d ra in e d  u n d e r t h i s  p a r t i c u l a r  t e n s io n .
The volum e o f  d ra in e d  p o re s  was e x p re s s e d  in  p e r c e n t  o f  th e  c o re  volum e 
o r  th e  volum e o f  th e  c y l in d e r .  The volume o f  p o re s  d ra in e d  a t  th e  
t e n s io n  o f  60 c e n t im e te r s  o f  w a te r  colum n e x p re sse d  in  p e r c e n t  e q u a ls  ' 
th e  p e rc e n ta g e  o f  l a r g e  p o re s  (BP) in  th e  s o i l  c o r e .  S in c e  two 
su p erim p o sed  c o re s  w ere  ta k e n  from  each  1- f o o t  s o i l  s t r a tu m , th e  f i g u r e s  
p re s e n te d  in  T ab le  33 (A ppendix A) f o r  p e r c o l a t i o n ,  p o r o s i t y ,  and b u lk  
d e n s i ty  a r e  th e  mean v a lu e s  o f  two sa m p le s . The p e rc e n ta g e  o f  t o t a l  
p o re  sp a c e  (TP) i n  a  c o re  was c a l c u l a t e d  by th e  fo rm u la :
■ I 1 -  s S f )  100
The p e rc e n ta g e  o f  s m a ll  p o re  volum e was c a lc u la te d  a s  th e  d i f f e r e n c e
betw een  th e  p e rc e n ta g e s  o f  th e  t o t a l  p o re  sp ace  and th e  l a r g e  p o re  s p a c e .
To d e te rm in e  b u lk  d e n s i t y ,  th e  c o re s  w ere  o v e n -d r ie d  and  w e ig h ed .
The d i f f e r e n c e  betw een  th e  w e ig h t o f  th e  c o re  w ith  c y l in d e r  and  th e
w e ig h t o f  th e  c y l in d e r  in  grams d iv id e d  by 200  ( i . e .  volum e o f  th e  
3
c y l in d e r  in  cm ) e q u a ls  th e  b u lk  d e n s i ty  o f  th e  s o i l  c o r e .
The r e s u l t s  o f  th e  a n a ly s e s  r e f e r e n t  to  th e  p h y s ic a l  p r o p e r t i e s  o f  
th e  s o i l s  a r e  p re s e n te d  in  A ppendix  A (T ab les  33 and 34) in  w hich  a l l  
d a ta  a r e  g iv e n . Some o f  th e s e  d a t a ,  su ch  a s  p o r o s i ty  by s o i l  s t r a t a ,
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w i l t i n g  p o in t  a s  r e l a t e d  to  c la y  c o n te n t ,  and s o i l - w a te r  c o n s ta n ts  
a s  r e l a t e d  to  t e x t u r a l  s o i l  f r a c t i o n s  a r e  p re s e n te d  d ia g r a m a t ic a l ly  
i n  F ig u re s  4 6 , 4 7 , and 4 8 .
C hem ical a n a ly s e s  o f  th e  s o i l  w ere  made by th e  s t a f f  o f  th e  
S o i l s  L a b o ra to ry  a t  L o u is ia n a  S t a t e  U n iv e r s i ty .  A n a ly t ic a l  p ro c e ­
d u re s  u sed  f o r  d e te rm in in g  pH o f  th e  s o i l ,  am ounts o f  a v a i l a b l e  p h o s ­
p h o ru s , and e x t r a c t a b l e  c a lc iu m , m agnesium , and p o ta ss iu m  w ere  
d e s c r ib e d  by B rupbacher e t  a l .  (1 9 6 8 ). The d a ta  o b ta in e d  from  th e  
ch em ica l a n a ly s e s  o f  th e  s o i l  a r e  p re s e n te d  in  T a b le s  3 5 , 3 6 , 3 7 , and 3 8 .
D e s c r ip t io n  o f  S o i l  S e r ie s
To com pare s i t e s  in  th e  e x p e r im e n ta l  p l a n t a t i o n s  w ith  th o s e  
c l a s s i f i e d  by M cKnight (1970) a s  e i t h e r  "good" o r  "m ed io cre"  b a sed  
p u re ly  on th e  d e f i n i t i o n  o f  s o i l  s e r i e s ,  a  s o i l  s e r i e s  d e te r m in a t io n  
was a l s o  made f o r  th e  e x p e r im e n ta l  p l a n t a t i o n s .  The s o i l  c o re s  and 
lo o s e  s o i l  sam ples a rra n g e d  by s t r a t a  and by p i t s  o r  p r o f i l e s  w ere  
u sed  f o r  t h i s  p u rp o s e . S o i l  c o lo r s  w ere  d e te rm in e d  from  m o is t  s o i l  
sam ples and M u n s e l l 's  c o lo r  c h a r t s .  I d e n t i f i c a t i o n  and d e s c r i p t i o n  o f  
th e  m ost t y p i c a l  s o i l  s e r i e s  i n  th e  p l a n t a t i o n s  w ere made w i th  th e  
a s s i s t a n c e  o f  P r o f e s s o r  S . A. L y t l e ,  D epartm ent o f  Agronomy, L o u is ia n a  
S ta te  U n iv e r s i ty ,  B aton  Rouge.
The lo c a t io n s  i n  th e  p l a n t a t i o n s  o f  s o i l  p i t s ,  th e  s o i l  s e r i e s  
a s s o c ia te d  w ith  each  p i t ,  and th e  s e r i e s  name a r e  shown in  F ig u r e  5 .
The th r e e  s o i l  p r o f i l e s  o b ta in e d  from  p i t s  4 ,  8 , and 12 r e p r e s e n t  th e  
m ost t y p i c a l  s o i l  s e r i e s  found  i n  t h e  e x p e r im e n ta l  p l a n t a t i o n s . T h e ir  
d e s c r ip t i o n s  a r e  g iv e n  i n  A ppendix  A.
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R oot S tudy  in  th e  P la n ta t io n s  
I n  o rd e r  to  g a in  some know ledge o f  cottonw ood r o o t  b e h a v io r  u n d e r 
d i f f e r e n t  e n v iro n m e n ta l c o n d i t io n s ,  s u p e r f i c i a l  s tu d ie s  w ere made o f  
r o o t  developm ent in  n a t u r a l  c o n d i t io n s  and in  c o n d i t io n s  m o d ified  by 
p la n t in g  t r e a tm e n t s .
E x c a v a tio n s  o f  l a t e r a l  r o o ts  o f  m a tu re  cottonw ood t r e e s  grow ing  
i n  d i f f e r e n t - t e x t u r e d  s o i l s  w ere made in  an  a t te m p t to  o b ta in  in fo rm a ­
t i o n  c o n c e rn in g  th e  p a t t e r n s  o f  d i s t r i b u t i o n  o f  a b s o r p t iv e  r o o t s .  
N a tu r a l ly  e s t a b l i s h e d  s a p l in g s  and o n e - and tw o -y e a r-o ld  t r e e s  grown 
from  c u t t i n g s  p la n te d  by d i f f e r e n t  m ethods w ere e x ca v a ted  f o r  r o o t -  
sy stem  s tu d y . E x cav a ted  t r e e s  w ere  o f  a v e rag e  s i z e  and form  f o r  a  
g iv e n  s i t e  and p la n t in g  m ethod.
The e x c a v a tio n  te c h n iq u e  was a s  fo l lo w s . The ground was weeded 
and l i t t e r  was sw ep t to  a  r a d iu s  o f  5 to  10 f e e t  around  a  s e le c te d  
t r e e ,  dep en d in g  on i t s  s i z e .  E ig h t s t i c k s  w ere p u t i n  th e  ground each  
a t  a  d i s ta n c e  o f  3 f e e t  from  th e  t r e e ,  fo rm ing  an  o c ta g o n . The 
e x c a v a tio n  was made u s in g  a  h o e . A t each  e x c a v a tio n  s te p  a  f o u r - in c h -  
t h i c k  s o i l  l a y e r  was rem oved. D iagram s o f  r a d i a l  d i s t r i b u t i o n  o f  r o o t s  
w i th in  each  s o i l  la y e r  w ere  drawn by u s in g  th e  sam pled t r e e  a s  a  
r e f e r e n c e .  The s in g l e  h o r i z o n ta l  d iag ram s w ere  co m p iled , and th e  
d iag ram s r e p r e s e n t in g  v e r t i c a l  p r o je c t io n s  o f  r o o t  sy stem s w ere 
d raw n. S o i l  t e x tu r e s  i n  th e  c o rre sp o n d in g  s t r a t a  w ere a l s o  r e c o rd e d .
RESULTS AND DISCUSSION
E f f e c t s  o f  P la n t in g  T rea tm en ts  on S u rv iv a l  
A good f i r s t - y e a r  s u r v iv a l  o f  a  p l a n t a t i o n  i s  th e  b e s t  in d ic a t io n  
o f  s u c c e s s fu l  p la n t in g  o p e r a t io n s .  But m o r t a l i t y ,  even  th o u g h  n o t 
s ig n i f y in g  a f a i l u r e  o f  th e  p l a n t a t i o n ,  i s  u s u a l ly  a m y s te ry  n o t  e a s i l y  
e x p la in e d . For t h i s  r e a s o n  th e  m o r t a l i t y  in  th e  1961 p l a n t a t i o n  was 
re c o rd e d  p e r io d i c a l ly  d u r in g  th e  f i r s t  grow ing s e a so n . N otes a b o u t 
a p p a re n t  cau ses  o f  m o r t a l i t y  w ere ta k e n  s im u lta n e o u s ly .
D is t r i b u t io n  o f  m o r t a l i t y  by c a u se  and tr e a tm e n t  i s  p re s e n te d  
in  T ab le  1. N ine p e rc e n t  o f  th e  c u t t in g s  (43 o u t o f  480 p la n te d )  d id  
n o t  l e a f - o u t  f o r  v a r io u s  r e a s o n s .  The a p p a re n t r e a s o n s ,  a s  in d ic a te d  
i n  th e  t a b l e ,  w ere a s s o c ia te d  w ith  low v i a b i l i t y  o f  th e  c u t t i n g s ,  
s in c e  th e  m a jo r i ty  o f  th e  c u t t i n g s  u n d e r i d e n t i c a l  t r e a tm e n ts  and in  
i d e n t i c a l  s i t e  c o n d i t io n s  le a f e d - o u t  and s u rv iv e d . The o th e r  94 
c u t t in g s  (1 9 .5  p e r c e n t )  l e a f e d - o u t  b u t d ie d  l a t e r  in  th e  sea so n  
(F ig u re  1 2 ) . By th e  end o f  th e  se a so n  th e  o v e r a l l  m o r t a l i t y  i n  th e  
p l a n t a t i o n  had r i s e n  to  2 8 .5  p e r c e n t .
The d i s t r i b u t i o n  o f  dead  c u t t i n g s  on th e  p l a n t a t i o n  a r e a  was 
r e l a t e d  t o  s i t e  and to  p l a n t in g  t r e a tm e n t s .  On th e  d ry  s i t e  a t  th e  
w e s te rn  p a r t  o f  th e  p l a n t a t i o n  (F ig u re  6 ) th e  c u t t in g s  w hich  d ie d  w ere 
e i t h e r  th o se  t h a t  d id  n o t  l e a f - o u t  o r  w ere s h a llo w -p la n te d  c u t t in g s  
3 .5  and 5 .0  f e e t  t a l l .  On th e  f lo o d e d  s i t e  a t  th e  e a s t e r n  p a r t  o f  th e  
p l a n t a t i o n  c o n s id e ra b le  m o r t a l i t y  o c c u rre d  among 2 .0 -  and 3 . 5 - f o o t - t a l l  
c u t t i n g s .
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Table 1. Distribution of first-year mortality by cause and treatment in the 1961 plantation
A pparen t 1 .33 2 .0 0 3 .0 0 4 .0 0 5 .0 0
cau se  o f 
m o r t a l i t y 0 .3
Ch»
2 .0
f e e t  -  -  
3 .5  5 .0 0 .
-  Ch, f e e t -  -  
3 2 .0  3 .5  5 .0
-  -  Ch, f e e t -  -  
0 .3  2 .0  3 .5  5 .0 0 .
-  Ch, f e e t -  -  
3 2 .0  3 .5  5 .0 0 .3
Ch, f e e t  
2 .0  3 .5 5 .0
- i
Number o f  dead c u t t in g s
Dry s i t e 3 2 3 2 1 2 2+2
Flood 1 2 1 2 1 1 2 1 2 2 A 2 1+1
2 -y e a r - o ld
c u t t in g 5 2 3 3 6
L eaf b e e t l e s  1 3 4 3 3 4 2 3 5 2 1 3  3 5 2 4 6
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6 ,1 5  7 ,1 4
DATE (M onth, Day)
4 ,1 3 5 ,1 6
F ig u re  12. P ro g re s s  o f  l e a f in g - o u t  and s u r v iv a l  o f  c u t t in g s  
d u rin g  th e  f i r s t  g row ing  se a so n  i n  th e  1961 
p l a n t a t i o n .
1 2 0
T hese c u t t i n g s  p ro b ab ly  le a f e d  o u t b e f o r e  th e y  became f lo o d e d , so  
th e  opened buds o r  young sh o o ts  d ied  a f t e r  b e in g  subm erged in  w a te r  
f o r  a  few w eeks. The c u t t in g s  w ith  4 - in c h  to p s  exposed  above th e  
ground w ere f lo o d e d  b e fo re  le a f in g  o u t and th e y  s u rv iv e d  v e ry  w e l l .
The 5 - f o o t  t a l l  c u t t in g s  rem ained w ith  t h e i r  to p s  a t  l e a s t  0 .5  f o o t  
above th e  h ig h e s t  f lo o d  w a te r  l e v e l .  They s u rv iv e d  w e l l  and th e r e  
was v e ry  l i t t l e  d ie b a c k  in  th e s e  c u t t i n g s .
M o r ta l i ty  due to  l e a f - b e e t l e  in c id e n c e  was h i g h e s t  among th e  
c u t t i n g s  3 .5  and 5 .0  f e e t  t a l l  a n d /o r  th o s e  p la n te d  d e e p e r  th a n  3 
f e e t .  T a l l  c u t t in g s  w ere p ro b a b ly  a f f e c t e d  b e c a u se  th e y  s to o d  above 
th e  l e v e l  o f  weeds and d e e p -p la n te d  c u t t i n g s  b e c a u se  o f  th e  te n d e rn e s s  
o f  t h e i r  le a v e s ,  s in c e  th ey  le a f e d - o u t  l a t e r  th a n  s h a l lo w - p la n te d  c u t ­
t i n g s .  Most o f  th e  c u t t in g s  k i l l e d  by v in e s  w ere  found  on th e  b e s t  s i t e .
The r e s u l t s  o f  th e  a n a ly s is  o f  v a r ia n c e  o f  s u r v i v a l  in  th e  1961
p l a n t a t i o n  p l a i n l y  su p p o rted  th e s e  o b s e r v a t io n s  (T a b le  39 in  A ppendix
B, w hich  c o n ta in s  a l l  a n a ly s is  o f  v a r ia n c e  t a b l e s ) .  The e f f e c t s  o f
b lo c k ,  p l a n t in g  d e p th  C^, and th e  le n g th  o f  c u t t i n g  w ere s i g n i f i c a n t
a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .  The two v a r i a b l e s  C , and  C, a c c o u n te da n
f o r  53 p e r c e n t  o f  th e  v a r i a t i o n  in  m o r t a l i t y  a s  d e te rm in e d  by m u l t ip le  
r e g r e s s io n  a n a ly s i s  (E q u atio n  1 ) .  The p e rc e n ta g e s  o f  m o r t a l i t y  by 
t r e a tm e n ts  w hich w ere computed from  t h i s  e q u a t io n  a r e  p re s e n te d  in  
T a b le  2 and shown d ia g ra m m a tic a lly  i n  F ig u r e  13 .
The lo w est m o r t a l i t y  (14 p e r c e n t ) , a s  c a l c u l a t e d  from  th e  same 
e q u a t io n ,  o c c u rre d  when = 2 .77  f t  and = 1 .7 6  f t .  However, th e  
m o r t a l i t y  was th e  r e s u l t  n o t o n ly  o f  and C ^, b u t  a l s o  o f  th e  e f f e c t s  
o f  o th e r  f a c t o r s ,  such  a s  v a r i a t i o n  in  s o i l  c o n d i t io n s  by d e p th  and by
1 2 1
T a b le  2 .  F i r s t - y e a r  m o r ta l i ty  p e rc e n ta g e s  in  th e  1961 p l a n t a t i o n  
by tre a tm e n t
D epth  o f  
p l a n t in g -  -  -  H e ig h t o f  c u t t i n g  above th e  ground C^, f e e t  -  -  -
Cd 0 .3 3 2 .0 0 3 .5 0 5 .0 0
F e e t p e rc e n t  -  -  ■
1 .33 2 6 .2 2 2 .0 2 8 .0 4 3 .2
2 .0 0 2 0 .5 16 .3 2 2 .4 3 7 .4
3 .0 0 18 .6 14 .3 2 0 .4 3 5 .6
4 .0 0 2 3 .7 19 .6 2 5 .6 4 0 .8
5 .0 0 3 6 .1 3 1 .9 3 8 .0 5 3 .1
s i t e ,  in c id e n c e  o f  l e a f  b e e t l e  and i t s  c o n t r o l ,  f lo o d ,  v in e s  and o th e r  
w eed s , and v ig o r  o f  c u t t in g s  w ith  t h e i r  p h y s io lo g ic  and g e n e t ic  make­
up in c lu d e d . T hese e f f e c t s  confounded th e  e f f e c t s  o f  and C^.
The c o in c id e n c e  o f  p la n t in g  d e p th  (2 .7 7  f t )  o f  c u t t i n g s  w hich  
su rv iv e d  th e  b e s t  (86 p e r c e n t)  w ith  th e  d e p th  o f  w e l l - a e r a te d  s o i l  
l a y e r  (T ab le  33 and F ig u re  46 ) su g g e s te d  t h a t  a d e q u a te  s o i l  a e r a t i o n  
was one o f  th e  m ost im p o r ta n t f a c to r s  a f f e c t i n g  s u r v i v a l .
The im p o rtan ce  o f  an  a d e q u a te  c o n c e n tr a t io n  o f  0  ̂ i n  th e  s o i l  
f o r  developm en t o f  r o o t s  was p roved  by Cannon (1925) and P a t r i c k  
(1 9 7 0 ) . I n  a d d i t i o n ,  Cannon (1925) found t h a t  a  r o o t ' s  re q u ire m e n t 
f o r  oxygen in c r e a s e s  w ith  an  in c r e a s e  o f  s o i l  te m p e ra tu re .  P a t r i c k  
(1970) p o in te d  o u t th e  n e c e s s i ty  o f  m a in ta in in g  s o i l  com p ac tio n  a t  
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C^, f e e t
F ig u r e  13 . F i r s t - y e a r  m o r t a l i t y  by p la n t in g  t r e a tm e n ts
in  th e  1961 p l a n t a t i o n .  M o r ta l i ty  p e rc e n ta g e s  
w ere c a lc u la t e d  from  r e g r e s s io n  e q u a tio n  1 .
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c o n c e n t r a t io n s .  H ence, b o th  c o n c e n t r a t io n  o f  0  ̂ and volume o f  p o re s  
a r e  e q u a l ly  im p o r ta n t .
The a d v e rse  e f f e c t  o f  s o i l  com paction  on r o o t  developm ent by 
v a r io u s  p l a n t s  was o b serv ed  by many r e s e a r c h e r s  (H endrickson  and 
V eihm eyer 1931, Doneen and H enderson  1953, B ro ad fo o t and Bonner 
(1 9 6 6 ) . As th e  l e v e l  o f  s o i l  com paction  in c r e a s e s ,  r o o t  grow th i s  
a f f e c t e d  th ro u g h  a  r e d u c t io n  o f  s o i l  p o r o s i t y ,  by a  r e d u c t io n  o f  
c a p i l l a r y  v o id s ,  and f i n a l l y  by m ech an ica l r e s t r i c t i o n  o f r o o t  p e n e t r a ­
t i o n .  H ow ever, th e  re s p o n se  o f  r o o ts  to  s o i l  com paction  a t  a  c e r t a i n  
f ix e d  l e v e l  v a r i e s  w ith  p la n t  s p e c ie s  ( F o r r i s t a l l  and G e sse l 19 5 5 ).
P a t r i c k  (1970) found t h a t  th e  com bined e f f e c t  o f  0  ̂ c o n c e n t r a t io n  
and s o i l  co m paction  when b o th  a r e  a t  in te r m e d ia te  l e v e l s  i s  g r e a t e r  
th a n  th e  e f f e c t  o f  e i t h e r  f a c t o r  a c t i n g  a lo n e .  T h is in d ic a te s  th e  
e x i s t e n c e  o f  an i n t e r a c t i o n  betw een  s o i l  com paction  and 0  ̂ c o n c e n tr a ­
t i o n .  A n e g a t iv e  e f f e c t  o f  low s o i l  co m p ac tio n  a p p a re n tly  co n n ec te d  
w ith  an  e x c e s s iv e  s o i l  p o r o s i ty  and red u ced  s o i l  m o is tu re  c o n te n t  i s  
a l s o  i n d i c a t e d .
M a ise n h e ld e r  (1960) and B ro a d fo o t (1960) found in h e r e n t  s o i l  
m o is tu re  and i n t e r n a l  s o i l  d ra in a g e  as  th e  m ost im p o rta n t f a c to r s  to  
be c o n s id e re d  w h ile  s e l e c t i n g  th e  p ro p e r  s i t e  f o r  co ttonw ood . A cco rd ­
in g  to  Schum acher (1864 , quo ted  from  B aver 1 9 5 9 ), " r e l a t i v e  p r o p o r t io n  
o f  c a p i l l a r y  to  n o n - c a p i l l a r y  p o re s  i s  r e s p o n s ib le  fo r  optimum s o i l  
s t r u c t u r a l  p r o p e r t i e s . "  B ut c a p i l l a r y  p o re s  h o ld  b o th  a v a i l a b l e  w a te r  
and th e  w a te r  o f  15-atm  te n s io n  w hich  i s  n o t  a v a i l a b l e  f o r  p l a n t s .
A c e r t a i n  b a la n c e  betw een  n o n - c a p i l l a r y  p o re s  BP and a v a i l a b le  w a te r
AW, r a th e r  th a n  b e tw een  BP and CP, i s  a p p a r e n t ly  th e  s o i l  p ro p e r ty  
o f b io lo g ic a l  im p o r ta n c e .
A f te r  s e v e r a l  t r i a l s  t o  c o r r e l a t e  m o r t a l i t y  w ith  v a r io u s  s o i l  
p r o p e r t i e s  by p l o t t i n g  d a t a ,  i t  was o b serv ed  t h a t  m o r ta l i ty  i n ­
c re a se d  w ith  in c r e a s in g  BP o r  d e c re a s in g  AW; i t  a l s o  e x h ib i te d  q u a d r a t ic  
r e l a t i o n s h ip s  w ith  th e  i n t e r a c t i o n s  o f  (AW X BP) and (AW/BP), show ing 
d e f i n i t e  minima a t  c e r t a i n  v a lu e s  o f  each  i n t e r a c t i o n .
The i n t e r a c t i o n  AW/BP was chosen  to  b e  u sed  a s  th e  in d e p en d e n t
v a r i a b le  b ecau se  o f  i t s  m e an in g fu l e x p re s s io n  o f  a  r a t i o  o f  s o i l  m o is­
tu r e  to  s o i l  a i r  (b o th  m easu rab le  by v o lu m e), w hereas AW X BP i n t e r ­
a c t io n  i s  p r a c t i c a l l y  a  m e an in g le ss  q u a n t i ty .  S in ce  th e  r o o t in g  o f  
c u t t in g s  ta k e s  p la c e  a lo n g  th e  e n t i r e  le n g th  o f  t h e i r  s u b te r ra n e a n  p a r t  
(S h ap iro  195 8 ), r o o t i n g  p o t e n t i a l  sh o u ld  be due to  th e  compound e f f e c t s  
o f  v a r io u s  s o i l  f a c t o r s  o f  a l l  s t r a t a  w i th in  th e  s o i l  p r o f i l e  t o  
p la n t in g  d e p th . T h e r e f o r e ,  th e  v a lu e s  o f  each  s o i l  f a c to r  w ere 
av erag ed  f o r  a l l  s t r a t a  w i th in  t h e . p r o f i l e  d e p th s  d e te rm in ed  by  p l a n t ­
in g  t r e a tm e n ts .
The r e s u l t  o f  th e  m u l t ip le  r e g r e s s io n  a n a ly s i s  o f  m o r t a l i t y  by 
u se  o f  th e  fo l lo w in g  e q u a t io n  showed th a t  m o r t a l i t y  i s  s i g n i f i c a n t l y  
dependen t on and R^:
T = b +  b . C , +  b 0 AW + b 0 BP +  b . R + b_ C ,2 +  b , R 2 + b_ C, Rm o l d  2 p  3 p  4 p  5 d  6 p 7 d p
w here: Tm = m o r t a l i t y  in  p e r c e n t ,
AWp= a v a i l a b l e  w a te r  p e rc e n ta g e  by volume in  th e  s o i l  p r o f i l e
to  d e p th ,
BPp= p e rc e n ta g e  o f  la r g e  p o re s  by volum e in  th e  same p r o f i l e ,  and
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The v a r i a b l e s  Cd and Rp acco u n ted  f o r  5 5 .4  p e rc e n t  o f  th e  v a r i a t i o n  
in  th e  f i r s t - y e a r  m o r t a l i t y  o f  cottonw ood i n  th e  1961 p l a n t a t i o n  
(E q u a tio n  2 ) .  A lm ost 45 p e rc e n t  o f  th e  v a r i a t i o n  rem ained  u n e x p la in e d . 
O th e r f a c to r s  w h ic h .w ith o u t a doub t c o n tr ib u te d  to  th e  v a r i a t i o n  in  
m o r t a l i t y ,  such  a s  p e s t s ,  f lo o d ,  w eeds, and v ig o r  o f  c u t t i n g s ,  w ere n o t 
m e a su ra b le . M o reover, C^, w hich was m easu red , showed e f f e c t s  w h ich  w ere 
confounded w ith  u n m easu rab le  f a c t o r s .
The p e rc e n ta g e s  o f  p r e d ic te d  m o r t a l i t y  computed from  E q u a tio n  2 
a r e  p re s e n te d  i n  T ab le  3 . The r e l a t i o n s h i p  o f  m o r t a l i t y  t o  d e p th  o f  
p la n t in g  Cd and p h y s ic a l  p r o p e r t i e s  o f  th e  s o i l  a s  e x p re s s e d  by Rp 
i s  p re s e n te d  i n  F ig u re  14.
For e s t im a t in g  m o r t a l i t y  o f  cottonw ood c u t t in g s  on a s i t e  w ith  
c la y  c o n te n t  n o t  h ig h e r  th a n  25 p e r c e n t ,  th e  c o n v e rs io n  s c a le  o f  Rp in to  
c la y  p e rc e n ta g e  can  be u sed  s in c e  th e y  a r e  d i r e c t l y  r e l a t e d  f o r  th e  
ra n g e  o f Rp from  one to  tw e lv e  u n i t s  (F ig u re  1 5 ).
A s im i la r  c o n v e rs io n  s c a le  can  a l s o  be worked o u t f o r  Rp and 
w i l t i n g  p o i n t ,  s in c e  th e  c la y  p e rc e n ta g e  i s  d i r e c t l y  r e l a t e d  to  w i l t i n g  
p o in t  (F ig u re  4 7 ) .
C o n s id e rin g  th e s e  r e l a t i o n s h i p s  and th e  n a tu re  o f  Rp, th e  d i s t r i ­
b u t io n  o f  m o r t a l i t y  by and R^ (T able 3 ; F ig u re  14) can  be c l e a r l y  
u n d e rs to o d . A p r e d ic te d  t o l e r a b l e  m o r t a l i t y  up to  15 p e r c e n t  o f  
c u t t in g s  w ith  from  0 .3  t o  5 .0  f e e t  i s  l i k e l y  to  o c cu r w i th in  a  r e l a ­
t i v e l y  narrow  ra n g e  o f  c o n d i t io n s  a s  d e l in e a te d  by th e  c o rre sp o n d in g  
i s o p le th  i n  T a b le  3 .  Beyond t h i s  ran g e  th e  m o r ta l i ty  in c r e a s e s  
s h a r p ly  w ith  in c r e a s e s  o f  b o th  Cd and Rp, and w ith  an  a s s o c ia te d
T a b le  3 . F i r s t - y e a r  m o r t a l i t y  in  th e  1961 p la n ta t io n  
p r e d ic te d  from Rp and
.Rp. 1 .3 2 .0 3 .0 4 .0 5 .0
U n it
1 5 7 .0 4 5 .7 36 .6 3 5 .6 4 2 .8
2 4 4 .6 3 4 .6 27 .2 2 8 .0 36.9
3 34 .1 2 5 .3 19 .6 2 2 .2 32 .9
4 2 5 .3 1 7 .8 ^ ^  — 13^-9. 18 .2 30.7
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12 2 0 .9 2 3 .2 3 3 .4 5 1 .8 78 .3
h a s h e d  c u rv e  d e n o te s  th e  i s o p le th  f o r  15 p e rc e n t 
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P
F ig u re  15. R e la t io n s h ip  betw een  Rp u n i t  and p e rc e n ta g e  o f  c la y  in  
th e  s o i l  p r o f i l e  t o  th e  d e p th  o f  p la n t in g .
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d e c re a s e  i n  s o i l  a e r a t i o n .  T hus, th e  m o r t a l i t y  re a c h e s  a  c a t a s t r o p h ic  
l e v e l  o f  78 p e rc e n t  when c u t t i n g s  a r e  p la n te d  5 f t  deep in  s o i l  w ith  Rp 
= 1 2 .  On th e  o th e r  hand m o r t a l i t y  a l s o  in c r e a s e s  w ith  d e c re a s e s  o f  
Rp and C^, w h ich  a r e  accom panied by a  d e c re a s e  o f  a v a i l a b le  m o is tu re  
and an in c r e a s e  in  l a r g e  p o re  s p a c e . As a  r e s u l t ,  m o r t a l i t y  o f  
c u t t in g s  p la n te d  1 .3 3  f t  deep  in  s o i l  w ith  R^ = 1 reach ed  57 p e r c e n t .
The v a r i a t i o n  in  p e rc e n ta g e s  o f  m o r t a l i t y  by and R^ fo llo w s  a  
d e f i n i t e  p a t t e r n .  Optimum C ^ 's  ( i . e .  th o s e  a t  w hich m o r t a l i t y  p e r c e n t ­
age  i s  minimum f o r  a  g iv e n  R )  in c r e a s e  w i th 'd e c r e a s e  in  R , and
P P
optimum R p 's in c r e a s e  w ith  d e c re a s e  i n  C^, a lth o u g h  a t  a  d i f f e r e n t  
r a t e .  F o r  exam ple, i n  s o i l  w ith  R^ = 1 th e  optimum i s  a t  4 f e e t ,  
and in  s o i l  w ith  R^ = 10 i t  i s  a t  2 f e e t ;  b u t  when c u t t in g s  a r e  p la n te d  
5 f e e t  d e e p , Rp = 5 i s  an  optim um , and f o r  c u t t i n g s  p la n te d  a t  = 1 .3 3  
f e e t ,  Rp optimum i s  be tw een  8 and 9 .
S in c e  th e r e  i s  a  s i g n i f i c a n t  i n t e r a c t i o n  betw een and Rp (Equa­
t i o n  2 ) ,  n e i t h e r  optimum o f  n o r  Rp a lo n e  was s u f f i c i e n t  t o  p ro d u ce
a
th e  b e s t  s u r v iv a l  o f  c u t t i n g s .  The lo w est m o r t a l i t y  (5 .6  p e r c e n t )  i n
th e  p l a n t a t i o n  was a c h ie v e d  o n ly  i n  c u t t i n g s  w hich w ere p la n te d  a t  an
optimum = 2 .2  f e e t  and in  s o i l  w ith  an  optimum Rp = 7 .4 ,  i . e .  i n  th e
c o n d it io n s  a s  d e te rm in e d  by th e  i n t e r s e c t i o n  o f  th e  l i n e s  o f  C, and Rp
o p tim a . The 5 .6  p e r c e n t  m o r t a l i t y ,  how ever, was an  av e rag e  m o r t a l i t y  
f o r  c u t t i n g s  w ith  from  0 .3  to  5 .0  f e e t .  C o n s id e rin g  t h i s  low 
a v e ra g e  and a  p ro b a b le  v a r i a t i o n  (even  though  v e ry  s l i g h t )  i n  th e  
p e rc e n ta g e  o f  m o r t a l i t y  due to  a  v a r i a t i o n  i n  C^, one sh o u ld  e x p e c t 
t h a t  f o r  e i t h e r  0 .3  o r  5 .0  f e e t  th e  m o r t a l i t y  w i l l  be v i r t u a l l y  n i l .
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U n fo r tu n a te ly ,  i t  was im p o s s ib le  to  d e te rm in e  th e  d i s t r i b u t i o n  o f  m or­
t a l i t y  in  th e  p re se n c e  o f  Rp, C^-, and to g e th e r  becau se  th e  e f f e c t  o f  
Ch on m o r t a l i t y  was confounded w ith  o th e r  unm easu rab le  f a c t o r s .
N e v e r th e le s s ,  one f a c t  a p p e a rs  c e r t a i n ,  t h a t  in  u n d is tu rb e d  s o i l s  
w ith  Rp low er th a n  5 ,  c u t t i n g s  s u rv iv e  b e t t e r  when p la n te d  a t  a d e p th  
from 3 to  4 f e e t ,  w h ile  i n  s o i l  w ith  Rp above 8 a sh a llo w  p la n t in g  ( 1 .3  
t o  2.G f e e t )  i s  d e s i r a b l e  t o  a c h ie v e  a s a t i s f a c t o r y  s u r v iv a l .  S in ce  
Rp v a lu e  i s  d i r e c t l y  r e l a t e d  to  c la y  c o n te n t  i n  s o i l ,  deep p la n t in g  
in  sandy s o i l  and s h a llo w  p la n t in g  in  c la y  s o i l  sh o u ld  be p r a c t i c e d .  
However, heavy s o i l s  w ith  c la y  c o n te n t above 22 p e rc e n t  w i l l  r e q u ir e  
an  im provem ent in  s o i l  a e r a t i o n ,  and in  sandy s o i l s  w ith  c la y  c o n te n t 
below  15 p e rc e n t  a n  im provem ent in  . m o is tu re  s t a t u s  w i l l  be  im pera­
t i v e  . The a e r a t i o n  o f  c la y  s o i l  c an  e a s i l y  be im proved by plow ing and 
bedd ing  o r  by d ra in a g e  o r  by b o th ,  depend ing  on s o i l  c o n d i t io n s .
An im provem ent o f  m o is tu re  s t a t u s  in  c o a r s e - te x tu r e d  s o i l s  (loam y 
sands and sandy  loam s) may be made o n ly  to  a  c e r t a i n  e x te n t  i f  i r r i g a ­
t i o n  i s  to  be e x c lu d e d . The im provem ent te c h n iq u e  depends upon f a c t o r s  
w hich im ply  d e p le t io n  o f  s o i l  m o is tu re  a s  w e l l  a s  f a c to r s  w hich i n h i b i t  
m o is tu re  r e c h a r g e .  A low l e v e l  o f  a v a i l a b le  m o is tu re  i n  th e s e  s o i l s  i s  
due m a in ly  t o  t h e i r  in h e r e n t ly  e x c e s s iv e  i n t e r n a l  d ra in a g e .  The m o is­
tu r e  s t a t u s  in  su ch  s o i l s  i s  l i k e l y  to  r e a c h  w i l t i n g  p o in t  much f a s t e r  
th a n  in  a s i l t  loam s o i l  when e v a p o t r a n s p i r a t io n  ex ceed s p r e c i p i t a t i o n ,  
e s p e c ia l l y  where r e c h a rg e  o f  m o is tu re  i s  i n h i b i t e d  by com pacted s u r f a c e  
s o i l  o r by a  h a rd p a n .
To im prove m o is tu re  s t a t u s  in  l i g h t  s o i l s  a  p low ing  o r  row ing i n
c o n to u r , b re a k in g  o f  th e  h a rd p an  by s u b s o i l i n g ,  and u se  o f  o rg a n ic  m ulches 
have been  a d v ise d  by s e v e r a l  a u th o r s  (Z arg er 1946, McCormick e t  a l .
1962). However, a s  a u n iv e r s a l  m ethod , p ro b a b ly  a l l  th e s e  t r e a tm e n ts  
to g e th e r  sh o u ld  be u s e d ,b e c a u s e  i t  i s  n e v e r  known ahead o f  tim e  w hich  
o f  th e  m o is tu r e -  d e p le t in g  f a c to r s  w i l l  be m ost c r i t i c a l  d u r in g  th e  
p la n t in g  sea so n  and t h e r e a f t e r . '
I n  o rd e r  t o  co m p le te  th e  in fo rm a tio n  on m o r t a l i t y  i n  th e  1961 
p l a n t a t i o n , t h e  p ro g re s s  o f  th e  m o r t a l i t y  th ro u g h  seven  y e a r s  i s  g iv e n  
below .
The se c o n d -y e a r  m o r t a l i t y  (33 t r e e s )  in  th e  1961 p l a n t a t i o n  
o c c u rre d  m o s tly  on a  d ry  s i t e  w ith  s o i l  in  w hich  Rp v a r ie d  from  0 .8  
t o  2 .4 .  The d i s t r i b u t i o n  by p la n t in g  d e p th  o f  26 t r e e s  w h ich  a c t u a l l y  
d ie d  on th e  d ry  s i t e  was 7 , 7 , 5 , 3 , and 4 t r e e s  p la n te d  1 .2 ,  2 .0 ,
3 .0 ,  4 .0 ,  and 5 .0  f e e t  d e ep , r e s p e c t iv e ly .  The rem a in in g  sev en  t r e e s  
w hich d ie d  d u r in g  th e  second y e a r  w ere from th e  wet s i t e  (Rp from  9 t o  
1 1 ) . Of th e s e  t r e e s ,  fo u r  w ere  p la n te d  4 f e e t  d eep , one 3 f e e t  d e e p , 
and two t r e e s  2 f e e t  d e e p .
D uring  th e  t h i r d  y e a r  s i x  t r e e s  d ie d ,  and a l l  o f  them  w ere su p ­
p re s se d  t r e e s  w hich w ere p la n te d  w ith  0 .3 3  f e e t  o f  th e  c u t t i n g s  above 
th e  ground b u t a t  v a r io u s  d e p th s .
T h i r ty  t r e e s  w ere u p ro o te d  by h u r r ic a n e  H ild a  d u r in g  th e  f o u r th  
grow ing s e a s o n , and s ix  t r e e s  w hich  w ere b e n t from th e  im p ac t o f  th e  
f a l l i n g  u p ro o te d  t r e e s  d ie d  d u r in g  th e  f i f t h  and s ix th  y e a r  o f  g ro w th .
T h is  m o r t a l i t y  was n o t  a s s o c ia te d  w ith  p la n t in g  t r e a tm e n ts .  No m or­
t a l i t y  o c c u r re d  d u r in g  th e  s e v e n th  y e a r  o f  g row th .
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A f te r  sev en  y e a r s  o n ly  268 t r e e s  su rv iv e d  o f th e  o r i g i n a l  480 
c u t t in g s  p la n te d .  T h is  was e q u iv a le n t  to  5 5 .8  p e rc e n t s u r v i v a l .  The 
p ro g r e s s  o f  change i n  grow ing s to c k  in  th e  1961 p l a n t a t i o n  d u r in g  th e  
s e v e n -y e a r  p e r io d  i s  p re s e n te d  i n  F ig u re  16, and d i s t r i b u t i o n  o f 
s e v e n -y e a r -o ld  t r e e s  by p la n t in g  t r e a tm e n ts  i s  shown in  T ab le  4 .
T a b le  4 . D i s t r i b u t i o n  o f  s u rv iv in g  s e v e n -y e a r -o ld  t r e e s  by p la n t in g  
t r e a tm e n ts  i n  th e  1961 p l a n t a t i o n
D epth  o f 
p la n t in g
Cd 0 .3 3 2 .0 0 3 .5 0 5 .0 0 A verage
F e e t
1 .3 3 54 58 37 63 53
2 .0 0 63 58 54 54 57
3 .0 0 63 63 63 58 61
4 .0 0 54 42 63 67 56
5 .0 0 50 75 46 33 51
A verage 57 59 53 55 56
The r e s u l t s  o f  a n a ly s i s  o f  th e  f i r s t - y e a r  m o r t a l i t y  o f  co ttonw ood 
c u t t i n g s  i n  th e  1961 p l a n t a t i o n  have p ro v id ed  in fo rm a tio n  a b o u t 
some m a jo r f a c t o r s  w hich  c o n t r o l  s i g n i f i c a n t l y  th e  s u r v iv a l  o f  c u t t i n g s  
p la n te d  i n  u n d is tu rb e d  s o i l .
A s a t i s f a c t o r y  s u r v iv a l  o f  c u t t in g s  i n  th e  p l a n t a t i o n  was o b ta in e d  
o n ly  by c e r t a i n  t r e a tm e n ts  and in  a v e ry  narrow  ran g e  o f  s o i l  c o n d i­
t i o n s .  C u t t in g s  w ith  o v e r 2 .0  f e e t  a n d /o r  p la n te d  d e e p e r  th a n  3 .0  
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F ig u re  16. Y e a rly  changes i n  grow ing s to c k  in  th e  1961 p l a n t a t i o n .
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th a n  10 (F ig u re  14) d id  n o t fa v o r  a  s a t i s f a c t o r y  s u r v iv a l  and showed 
a  need f o r  im provem ent e i t h e r  o f  m o is tu re  s t a t u s  o r  s o i l  a e r a t i o n .
The t a l l e s t  t r e e s  a t  th e  end o f  th e  f i r s t  grow ing sea so n  grew from  
th e  c u t t i n g s  w ith  3 .5  and 5 .0  f e e t ,  e s p e c ia l l y  o f  th o s e  p la n te d  
1 .3 ,  2 .0 ,  and 3 .0  f e e t  d e e p . B ut th e s e  t r e a tm e n ts  a r e  n o t  a d v is e d  
f o r  u s e  in  com m ercial p l a n t a t i o n s  b ecau se  o f  p o o r s u r v i v a l .  On th e  
o th e r  h a n d , th e  c u t t i n g s  w ith  = 0 .3  f e e t  p la n te d  a t  th e  same th r e e  
d e p th s ,  a lth o u g h  th e y  s u rv iv e d  s a t i s f a c t o r i l y ,  grew l e s s  th a n  c u t t i n g s  
p la n te d  by any o th e r  t r e a tm e n t  w hich  was t r i e d .
The e x p e r ie n c e  o b ta in e d  in  th e  1961 p l a n t a t i o n  le d  th e  a u th o r  to  
p o s tu l a t e  t h a t  s i g n i f i c a n t  im provem ent o f  s u r v iv a l  and t r e e  g row th  
would b e  o b ta in e d  th ro u g h  m ix ing  th e  s o i l  o f  d i f f e r e n t  t e x t u r e  s t r a t a  
w i th in  a  3 - f o o t  p r o f i l e  by deep  c u l t i v a t i o n .  The a u th o r  b e l ie v e d  
t h a t  su ch  a  t r e a tm e n t  w ould im prove th e  c a p i l l a r y  s t r u c t u r e  and  th e  
a e r a t i o n  o f  s o i l ,  a s  w e l l  a s  th e  m o is tu re  re c h a rg e  i n  a  r a i n  p e r io d ,  
and th e  c a p i l l a r y  r a i s e  o f  m o is tu re  d u r in g  a d ro u g h t p e r io d .
The 1962 p l a n t a t i o n  was e s t a b l i s h e d  to  t e s t  th e  e f f e c t  o f  deep 
c u l t i v a t i o n  i n  3 - f o o t- d e e p  h o le s  d r i l l e d  by means o f  m e c h a n ic a l a u g e r .  
T hree  l e v e l s  o f  f e r t i l i z e r  w ere a l s o  t e s t e d .
The a n a ly s e s  o f  v a r ia n c e  o f th e  f i r s t - y e a r  s u r v iv a l  on t h r e e  d i f ­
f e r e n t  s i t e s  (T ab le s  4 0 , 4 1 , and 4 2 ) p roved  t h a t  deep c u l t i v a t i o n  Q 
was e f f e c t i v e  o n ly  on s i t e  Bg w ith  sandy loam s o i l  w here c la y  c o n te n t  
i n  th e  3 - f o o t-d e e p  p r o f i l e  v a r ie d  from  14 .4  to  2 0 .3  p e r c e n t  (T ab le  34; 
P i t s  7 and 8 ) ,  i . e .  in  s o i l  s im i l a r  to  t h a t  w ith  5 and 9 , i n  w h ich  a  
s a t i s f a c t o r y  s u r v iv a l  was a c h ie v e d  i n  th e  1961 p l a n t a t i o n .  The e f f e c t s
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o f  deep  c u l t i v a t i o n  Q w ere n o n - s ig n i f i c a n t  e i t h e r  on s i t e  w ith  sandy 
loam  s o i l  w here  c la y  c o n te n t  v a r ie d  from 1 2 .3  to  1 4 .6  p e r c e n t  (T ab le  
3 4 ; P i t s  5 and 6 ) ,  o r  on s i t e  w ith  s i l t  loam to  s i l t y  c la y  loam 
w here  c la y  c o n te n t  v a r ie d  from  2 3 .7  to  3 0 .3  p e r c e n t  (T ab le  34; P i t s  
9 and  1 0 ) . On s i t e  B^ none o f  th e  t re a tm e n ts  w ere  s i g n i f i c a n t .
The e f f e c t  o f  p la n t in g  d e p th  was s i g n i f i c a n t  a t  th e  0 .0 1  p ro b a b i­
l i t y  l e v e l  o n ly  on s i t e  B^, w here c la y  c o n te n t  i n  s o i l  was th e  lo w e s t 
o f  a l l  th r e e  s i t e s .
The e f f e c t  o f  th e  (C, x  C, ) i n t e r a c t i o n ,  s i g n i f i c a n t  a t  th ea n
0 .0 5  p r o b a b i l i t y  l e v e l ,  was on b o th  s i t e s  B^ and Bg, w h ile  th e  e f f e c t  
o f  was s i g n i f i c a n t  o n ly  on s i t e  B^. The e f f e c t s  o f  f e r t i l i z e r  and
o f  th e  (Q x  E) i n t e r a c t i o n  w ere s i g n i f i c a n t  o n ly  on s i t e  Bg.
The d i s t r i b u t i o n  o f  s u r v iv a l  by t r e a tm e n ts  on each  o f  th e  t h r e e  
s i t e s  s e p a r a te ly  a r e  shown i n  T ab le s  5 , 6 , and 7 .
L arge  p la n t in g  a re a s  seldom  have a  homogeneous s i t e ,  th e r e f o r e  
know ledge o f  an  o v e r a l l  a v e ra g e  by tre a tm e n ts  may a l s o  be o f  im p o rta n c e . 
A verage  s u r v iv a l  p e rc e n ta g e s  by tre a tm e n ts  f o r  a l l  t h r e e  s i t e s  
to g e th e r  i n  th e  1962 p l a n t a t i o n  a r e  p re s e n te d  i n  T a b le .8 and i n  
F ig u r e  17. A verage s u r v iv a l  o f  c u t t in g s  p la n te d  i n  u n d is tu rb e d  s o i l  
w ith o u t  a p p l i c a t i o n  o f  f e r t i l i z e r  was th e  b e s t  (60 p e r c e n t )  in  
c u t t i n g s  w ith  = 2 f e e t  p la n te d  3 f e e t  deep  (T ab le  8 ) .  A verage 
s u r v iv a l  p e rc e n ta g e s  f o r  c u t t in g s  e i t h e r  w ith  o f  0 .3 3  o r  2 .0 0  
f e e t  p la n te d  1 .3 3  o r  3 .0 0  f e e t  deep in  th e  s o i l  m ixed w ith  s u p e r ­
p h o sp h a te  w ere  s i g n i f i c a n t l y  g r e a te r  th a n  p e rc e n ta g e s  f o r  c u t t i n g s
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Table 5. First-year survival by treatments on site in the 1962
plantation
S o i l  t r e a tm e n t
1 .3 3
• Cjj, f e e t  -  -
3 .0 0
0 .33
C^, f e e t  -  -  • 
2 .0 0 0 .3 3
C^, f e e t  -  -  -  
2 .0 0
* ** " ** & P e rc e n t -  -  -
-Q -P -(P+N) 10 80 70 70
-Q +P -(P+N) 20 40 70 70
-Q +P +(P+N) 20 50 60 70
+Q -P - (P+N) 60 80 80 90
+Q +P - (P+N) 40 60 70 70
+Q +P +(P+N) 20 40 60 70
-Q 17 57 67 70
+Q 40 60 70 77
-P -(P+N) 35 80 75 80
+P -(P+N) 30 50 70 70
+P +(P+N) 20 45 60 70
O v e ra l l 28 59 68 73
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Table 6 . First-year survival by treatments on site B2 in the 1962
plantation
1.33
- Cd , f e e t  -  -
3 .0 0
S o i l  t r e a tm e n t -  -  - C^, f e e t -  -  • -  -  - Cjj, f e e t  -  -  -
0 .33 2 .0 0 0 .3 3 2 .0 0
P e rc e n t -  -  -
-Q -P -(P+N) 40 20 20 30
-Q +P -(P+N) 20 30 60 40
-Q +P +(P+N) 30 70 60 10
+Q -P -  (P+N) 50 40 50 50
+Q +P -(P+N) 60 60 80 80
+Q +P +(P+N) 10 40 80 30
-Q 30 40 47 27
40 53 70 53
-P -  (P+N) 45 30 35 40
+P
II 40 45 70 60
+P +(P+N) 20 55 70 20
O v e ra l l 35 47 58 40
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Table 7. First-year survival by treatments on site B3 in the 1962
plantation
S o i l t re a tm e n t
1 .3 3
- Cd, f e e t  - -  -
3 .0 0
0 .33
Cj,, f e e t
2 .0 0 1 .3 3
C^» f e e t  -  -  -  
2 .0 0
P e rc e n t  -  - -  -
-Q -P -  (P+N) 20 60 60 80
-Q +P -(P+N) 60 50 60 50
-Q +P +(P+N) 50 70 70 50
+Q -P - (P+N) 20 70 60 50
+Q +P -(P+N) 80 80 50 60
+Q +P +(P+N) 50 60 90 50
-Q 43 60 63 60
+Q 50 70 67 53
-P -(P+N) 20 65 60 65
+P -(P+N) 70 65 55 55
+P +(P+N) 50 65 80 50
O v e ra l l  46 65 65 57
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T ab le 8 . F i r s t - y e a r  s u r v iv a l  by t r e a tm e n ts  on a l l  th r e e  
th e  1962 p la n ta t io n
s i t e s  in
S o i l tre a tm e n t 1 .33
• Cd , f e e t  -  -  -
3 .0 0
-  -  -  c h ,
0 .33
f e e t
2 .0 0 0 .33
Cfc, f e e t  -  -  -  
2 .0 0
P e rc e n t  -  -  -  -
-Q -P -(P+N) 23 53 50 60
-Q +P -(P+N) 33 40 63 53
-Q +P +(P+N) 33 63 63 43
+Q -P - (P+N) 43 63 63 6.3
+Q +P -(P+N) 60 67 67 70
+Q +P +(P+N) 27 47 77 50
-Q 30 52 59 52
+Q 43 59 69 61
-P -(P+N) 33 58 57 62
+P -(P+N) 47 53 65 63
+P +(P+N) 30 55 70 47
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F ig u re  17. F i r s t - y e a r  s u r v iv a l  by tr e a tm e n ts  in  th e  1962 p l a n t a t i o n .
Dashed l in e s  r e f e r  to  s u rv iv a l  w ith o u t Q tr e a tm e n t  and 
s o l id  l i n e s  w ith  Q tr e a tm e n t .
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p la n te d  by th e  same m ethods in  u n d is tu rb e d  s o i l  w ith o u t  f e r t i l i z e r .  
M o reover, s u r v iv a l  p e rc e n ta g e  f o r  c u t t in g s  w ith  « 2 f e e t  p la n te d  
3 f e e t  deep  in  th e  s o i l  mixed w ith  su p e rp h o sp h a te  was th r e e  tim es 
g r e a t e r  (70 p e r c e n t )  th a n  t h a t  f o r  c u t t in g s  p la n te d  by th e  s ta n d a rd  
m ethod (23 p e r c e n t ) .
F e r t i l i z i n g  th e  s u r f a c e  s o i l  w ith  ammonium n i t r a t e  p roduced  a  
s u p p re s s in g  e f f e c t  on s u r v iv a l  o f  c u t t in g s  w ith  e i t h e r  o f  0 .3 3  o r
2 .0 0  f e e t  p la n te d  1 .3 3  f e e t  deep  in  s o i l  mixed w ith  su p e rp h o sp h a te .
The b e s t  a v e ra g e  s u r v iv a l  (77 p e r c e n t)  in  th e  p l a n t a t i o n  was
a c h ie v e d  in  c u t t in g s  w ith  = 0 .3 3  f e e t  p la n te d  3 .0 0  f e e t  deep  in  
s o i l  mixed w ith  1 .5  l b s .  o f  su p e rp h o sp h a te  in  h o le s  and w ith  2 o z . o f  
ammonium n i t r a t e  in c o rp o ra te d  in  th e  s u r f a c e  s o i l .
F u r th e r  t e s t s  aim ed a t  im proving  b o th  s u r v iv a l  and grow th o f  
c u t t i n g s  w ith  o f  2 .0 0  and 3 .6 6  f e e t  w ere made on two ex trem e s i t e s  
i n  th e  1963 p l a n t a t i o n .
The e f f e c t s  o f  deep  c u l t i v a t i o n  o f  s o i l  in  9 - in c h -d ia m e te r  h o le s ,  
m u lch in g  o f  s o i l  w ith  2 - f o o t - s q u a r e  K ra f t-p a p e r  pads p la c e d  around  th e  
in d iv id u a l  c u t t i n g s ,  and bed d in g  o f  s o i l  ( s im i la r  to  ro w in g , o r  la y -b y  
c u l t i v a t i o n )  w ere t e s t e d  on s u r v iv a l  o f  c u t t i n g s  w ith  o f  0 .3 3 ,
2 .0 0 ,  and 3 .6 6  f e e t  and p la n te d  a t  two d i f f e r e n t  d e p th s  (1 .3 3  and
3 .0 0  f e e t ) .
The r e s u l t s  o f  a n a ly s i s  o f  v a r ia n c e  o f  f i r s t - y e a r  s u r v iv a l  o f  
c u t t i n g s  on th e  d ry  s i t e  (T ab le  43 ) showed t h a t  m ain t r e a tm e n ts ,  
su ch  a s  b ed d in g  B, deep  c u l t i v a t i o n  Q, d e p th  o f  p l a n t in g  C^, le n g th  
o f  c u t t i n g  above th e  ground C^, and th e  i n t e r a c t i o n  (Q x  C^) w ere
142
s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l ,  w h ile  m ulching  M, as  w e l l  
a s  th e  i n t e r a c t i o n s  (B x  Q ), (Q x  C ^ ), and (B x Q x x  C^) w ere 
s i g n i f i c a n t  a t  th e  0 .0 5  p r o b a b i l i t y  l e v e l .  K ra f t  p ap e r pads d e ­
composed r a p i d l y ;  th e r e f o r e  th e  e f f e c t  o f  mulch was c o n s id e ra b ly  
re d u c e d .
The d i s t r i b u t i o n  o f  s u r v iv a l  by t r e a tm e n ts  on s i t e  i n  th e  1963 
p l a n t a t i o n  5s shown in  T ab le  9 .
The s u r v iv a l  o f  c u t t i n g s  p la n te d  by th e  s ta n d a rd  t r e a tm e n t  was 
z e r o .  S im i la r  c a ta s t r o p h y  o c c u rre d  w ith  c u t t in g s  p la n te d  by th e  o th e r  
10 t r e a tm e n t  co m b in a tio n s  i n  w hich e i t h e r  one o r  two m ain s o i l  t r e a t ­
m ents w ere m is s in g .  The c u t t i n g s  p la n te d  1 .3 3  f e e t  deep w ere  m o s tly  
a f f e c t e d .
A p p lica tio n  o f a l l  s o i l  treatm ents togeth er (+B, +M, +Q) improved
s u r v iv a l  o f  c u t t i n g s  p la n te d  1 .3 3  f e e t  deep  w ith  o f  0 .3 3  and 2 .0 0
up to  50 p e r c e n t  and o f  c u t t i n g s  w ith  = 3 .6 6  f e e t  to  39 p e r c e n t .
Among 48 tr e a tm e n t  co m b in a tio n s  t r i e d  i n  th e  p l a n t a t i o n ,  th e  b e s t
s u r v iv a l  on s i t e  C, re a c h e d  61 p e rc e n t  i n  c u t t in g s  w ith  C, = 3 .6 6
1 h
f e e t  p la n te d  3 .0 0  f e e t  deep in  s o i l  w hich  re c e iv e d  a l l  t r e a tm e n ts  
d e s ig n e d  a t  th e  h ig h e s t  l e v e l  (+B, +M, and +Q to  3 f o o t  d e p th ) .  The 
s t r a i g h t  l i n e a r  r e l a t i o n s h i p  o f  s u r v iv a l  (39 , 4 4 , and 61 p e r c e n t )  
w ith  c o rre sp o n d in g  (0 .3 3 ,  2 .0 0 ,  and 3 .6 6  f e e t )  o f  th e  c u t t i n g s  w hich  
re c e iv e d  th e  same s o i l  t r e a tm e n ts  p o in ts  to  th e  f e a s i b i l i t y  o f  
im prov ing  th e  s u r v iv a l  o f  c u t t i n g s  w ith  lo n g e r  th a n  2 .0 0  f e e t  by 
im prov ing  th e  p h y s ic a l  p r o p e r t i e s  o f  s o i l .
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T able  9 . F i r s t - y e a r  s u r v iv a l  by t r e a tm e n ts  on s i t e  in  th e  1963 
p la n t a t i o n
S o i l t re a tm e n t 1 .3 3 3 .0 0
0 .3 3
Ch , f e e t  
2 .0 0 3 .6 6 0 .33
, f e e t  
2 .0 0 3 .66
-B -M -Q 0 0
-  -  P e rc e n t  - 
0 6 6 0
-B -M +Q 0 6 0 11 33 28
-B +M -Q 0 11 11 0 6 6
-B +M +Q 6 11 11 17 39 22
+B -M -Q 6 6 6 0 11 11
+B -M +Q 0 22 44 50 50 39
B+ -Q 11 11 28 11 17 11
+B -M +Q 0 33 44 39 44 61
+B -M a / 14 25 m. 30 25
+B +M 22 36 28 36
+B -Q 9 17 - - 14 11
+B +Q - - 27 44 44 50
+B — 18 30 29 31
a / —d e n o te s  no means a v a i l a b l e  b ecau se  o f  s e v e r a l  t r e a tm e n ts  w ith  z e ro  
s u r v i v a l .
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C o n tra ry  to  th e  s ig n i f i c a n c e  o f  num erous t r e a tm e n t  co m b in a tio n s  
on s u r v iv a l  o f  c u t t in g s  on s i t e  C^, s u r v iv a l  on s i t e  Cg was s i g ­
n i f i c a n t l y  dep en d en t (0 .0 1  p r o b a b i l i t y  l e v e l )  o n ly  upon th e  (Q x  C^) 
i n t e r a c t i o n  (T ab le  4 4 ) .  The d i s t r i b u t i o n  o f  s u r v iv a l  by tre a tm e n ts  o f 
c u t t in g s  on s i t e  i s  shown i n  T a b le  1 0 . No c l e a r - c u t  t r e n d  a t t r i b u ­
t a b l e  to  tre a tm e n t co m b in a tio n s  in  s u r v iv a l  p e rc e n ta g e s  can  be s e e n , 
p ro b a b ly  b ecau se  o f th e  s m a ll number ( f o u r )  o f  r e p l i c a t i o n s .  However, s u r ­
v iv a l  p e rc e n ta g e s  by m ost t re a tm e n ts  on c i t e  C  ̂ a r e  h ig h e r  th a n  on s i t e  C^.
S u rv iv a l  o f  61 p e r c e n t  ( th e  b e s t  on s i t e  C^) can  h a rd ly  be a c c e p te d  
a s  a  s a t i s f a c t o r y  r e s u l t .  N e v e r th e le s s ,  when weed c o m p e tit io n  (P la te  
12) and c o n d it io n s  o f  s o i l  on t h i s  s i t e  (5 .8  p e rc e n t  c la y  and 8 4 .6  
p e r c e n t  o f  sand  in  3 - fo o t-d e e p  s o i l  p r o f i l e ;  T a b le  3 4 , P i t s  11 and 12) 
a r e  ta k e n  i n to  c o n s id e r a t io n ,  su ch  a  s u r v iv a l  may be view ed a s  a  v e ry  
en co u rag in g  ach iev em en t.
I n  s e a rc h  o f  a b e t t e r  t r e a tm e n t  th e  1964 p l a n t a t i o n  was e s t a b l i s h e d .  
The e f f e c t s  o f  fo u r  d i f f e r e n t  volum es o f  c u l t i v a t e d  s o i l ,  p roduced  by 
f o u r  d i f f e r e n t  c r o s s - s e c t io n s  o f  3 - f o o t-d e e p  p l a n t in g  h o le s ,  w ere t e s t e d  
on s u r v iv a l  o f  2 0 - in c h - lo n g  c u t t in g s  p la n te d  16 in c h e s  deep and on 4 0 - 
in c h - lo n g  c u t t in g s  p la n te d  3 f e e t  d e e p .
The r e l a t i o n s h ip  o f  th e  f i r s t - y e a r  s u r v iv a l  o f  th e s e  c u t t in g s  w ith  
s i z e  o f  h o le  i s  shown in  F ig u r e  18 .
The s u r v iv a l  o f  2 0 - in c h - lo n g  c u t t i n g s  in c re a s e d  w ith  in c r e a s e  o f  
h o le  s i z e  and was im proved from  37 p e r c e n t  when c u t t i n g s  w ere p la n te d  
by th e  s ta n d a rd  method i n  u n d is tu rb e d  s o i l  ( i . e .  i n  a  l - s q . - i n c h  c r o s s -  
s e c t io n  h o le )  to  83 p e r c e n t  when p la n te d  in  h o le s  w ith  254 s q .  in c h e s  o f  
c ro s s  s e c t io n .
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Table 10. First-year survival by treatments on site C2 in the 1963
plantation
Cd, f e e t
1 .3 3 3 .0 0
-  -  - C^j f e e t -  - -  -  - Cjj, f e e t - -  -
0 .3 3 2 .0 0 3 .66 0 .3 3 2 .0 0 3 .66
-  -  - -  - -  - -  -  -• P e rc e n t -  -  - -  -  - - -, -
-B -M -Q 0 75 50 50 25 50
-B -M +Q 75 50 50 75 50 75
-B +M -Q 75 75 75 50 75 50
-B +M +Q 75 50 75 75 100 75
+B -M -Q 50 25 75 25 75 50
+B -M +Q 0 25 100 75 100 75
+B +M -Q 75 75 75 50 50 50
+B 4M 4Q 25 25 50 75 50 100
-B -M _ _ a / 62 50 62 38 62
-B +M - - 62 75 62 87 62
+B -M — 25 87 50 87 62
+B - - 50 62 62 50 75
-B -Q 75 62 50 50 50
-B +Q - - 50 62 75 75 75
+B -Q — 50 75 38 62 50
+B +Q 25 75 75 75 87
-M -Q -  - 50 62 38 50 50
-M +Q — 38 75 75 75 75
+M -Q — 75 75 50 62 50
•m +Q - - 38 62 75 . 75 87
-B •* •* 62 62 62 62 62
+B mm 38 75 56 69 69
-M 44 69 56 62 62
4M --- 56 69 62 69 69
-Q mm mm 62 69 44 56 50
+Q 38 69 75 75 81
O v e ra ll - - 50 69 59 66 66
a / —denotes no means a v a ila b le  because o f  two treatm ents w ith zero  
su r v iv a l.
P la te  12. O n e -y ea r-o ld  cottonw ood in  a  heavy s ta n d  
o f  g ia n t  ragw eed (Ambrosia t r i f i d a  L .)  
i n  th e  1963 p l a n t a t i o n .
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1 64 154 254
CROSS SECTION OF HOLE (H _ ) ,  sq . in c h es
F ig u re  18. F i r s t - y e a r  s u r v iv a l  i n  th e  1964 p la n ta t io n  a s  r e l a t e d  
t o  c ro s s  s e c t io n  (Hq.) o f  3 - fo o t-d e e p  p la n t in g  h o le . 
S o lid  l i n e  i s  f o r  4 0 - in c h - lo n g  c u t t in g s  p la n te d  3 f e e t  
d e ep , and d ash ed  l i n e  i s  f o r  2 0 - in c h - lo n g  c u t t in g s  
p la n te d  1 .3 3  f e e t  d e e p .
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The s u r v iv a l  o f  4 0 - in c h - lo n g  c u t t i n g s  re a ch e d  a maximum o f  92 
p e rc e n t  when th e  c u t t i n g s  w ere p la n te d  i n  h o le s  w ith  1 5 4 -s q .- in c h  
c ro s s  s e c t io n  (1 4 - in c h  d ia m e te r ) .  T h is  r e s u l t  i n d ic a te s  t h a t  s u r v iv a l  
o f  c u t t in g s  p la n te d  3 f e e t  deep  i n  th e  1963 p l a n t a t i o n  p ro b a b ly  co u ld  
have b een  f u r t h e r  im proved i f  p la n t in g  h o le s  had been  14 in c h e s  in  
d ia m e te r  in s t e a d  o f  th e  9 - in c h -d ia m e te r  h o le s  w hich  w ere u se d .
On th e  o th e r  h an d , th e  a p p l i c a t i o n  o f  b ed d in g  t r e a tm e n t m ight 
have been  b e n e f i c i a l  f o r  s u r v iv a l  o f  c u t t i n g s  in  th e  1964 p l a n t a t i o n .
To sum m arize th e  r e s u l t s  o f  th e  1961-1964 t r i a l s  aimed a t  
im prov ing  s u r v iv a l  o f  cottonw ood c u t t in g s  a  com parison  o f e f f i c i e n c i e s  
o f  t r e a tm e n ts  ( s ta n d a r d  v s .  p o o re s t  v s .  b e s t )  i s  p re s e n te d  in  T ab le  
11 .
The d a ta  in  t h i s  t a b l e  r e v e a l  t h a t  s u r v iv a l  o f  c u t t in g s  p la n te d  by 
th e  s ta n d a rd  m ethod i n  none o f  th e  t r i a l s  re a ch e d  th e  p e rc e n ta g e  e q u a l 
t o  t h a t  p roduced  by th e  b e s t  t r e a tm e n t .  However, th e  s ta n d a rd  m ethod 
was n o t  a lw ays th e  p o o re s t  t r e a tm e n t .  The s u r v iv a l s  produced e i t h e r  
by th e  s ta n d a rd  m ethod o r by a  b e s t  t r e a tm e n t  v a r ie d  by s i t e  and by 
y e a r .
As d is c u s s e d  p r e v io u s ly ,  i n  th e  1961 p l a n t a t i o n  s u r v iv a l  o f  
c u t t i n g s  p la n te d  by c e r t a i n  t r e a tm e n ts  was e s p e c i a l l y  a f f e c t e d  e i t h e r  
by in c id e n c e  o f  l e a f  b e e t l e  o r  by f lo o d .  N o th ing  s im i la r  o c c u rre d  i n  
th e  p la n t a t i o n s  o f  s u c c e s s iv e  y e a r s .
The i n t e n s i t y  o f  weed c o m p e t i t io n ,  w h ich  v a r ie d  by s i t e  and by y e a r ,  
w ith o u t doub t c o n t r ib u te d  t o  th e  v a r i a t i o n  i n  s u r v iv a l  o f c u t t in g s  
p la n te d  by any  one t r e a tm e n t .
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Table 11. Comparison of first-year survival in the 1961, 1962, 1963,
and 1964 plantations
P lan ta tion  S ite  Standard treatm ent Poorest treatm ent Best treatm ent
S u rviva l Code Survival Code Survival Code
Year P e rc e n t No. P e rc e n t No. P e rc e n t No,
1961 A 7 5 .0 11 3 7 .5 54 87 .5 32
1962 B1 1 0 .0 1111 1 0 .0 l l l l 9 0 .0 2221
1962 b2 4 0 .0 1111 1 0 .0 2113 8 0 .0 2222
1962 b3 2 0 .0 1111 2 0 .0 1111 9 0 .0 2213
1962 Ave. 2 3 .0 1111 2 3 .0 1111 7 7 .0 2213
1963 C1 0 .0 11111 0 .0 11111 6 1 .0 22223
1963 C2 0 .0 11111 0 .0 11111 100 .0 22223
1963 Ave. 0 .0 11111 0 .0 11111 8 0 .5 22223
1964 D 3 7 .0 11 3 7 .0 11 9 2 .0 23
M oreover, v a r i a t i o n  i n  c l im a t i c  f a c to r s  su ch  a s  p r e c i p i t a t i o n  
and te m p e ra tu re , w h ich  in f lu e n c e  e v a p o t r a n s p i r a t io n ,  has i n t e n s i f i e d  
th e  v a r i a t i o n  i n  s u r v iv a l  o f  c u t t in g s  by y e a r ,  by s i t e ,  and by t r e a t ­
ment .
Survival as Related to  C lim atic Conditions During the F ir s t  Growing 
Season.
D ata o f  a v e ra g e  m o n th ly  te m p e ra tu re  and t o t a l  m on th ly  p r e c i p i t a ­
t i o n  f o r  a  t e n - y e a r  p e r io d  (1955-1964) a t  New R oads, L o u is ia n a ,  (F ig u re  4 ) 
w ere  com piled in  o rd e r  to  e x p la in  th e  a n n u a l v a r i a t i o n  i n  f i r s t - y e a r
150
s u r v iv a l  o f  cottonw ood c u t t in g s  a s  th e  e f f e c t  o f  a  com bined v a r i a t i o n  
i n  th e s e  c l im a t ic  f a c t o r s  (T ab les  12 and 1 3 ) .
A verage m onthly  te m p e ra tu re ,  w hich  v a r ie d  f o r  obv ious re a so n s  
in  a  d i s t i n c t i v e  p a t t e r n  d u r in g  th e  grow ing s e a s o n , e x h ib i te d  an 
i r r e g u l a r  an n u al v a r i a t i o n  d u r in g  th e  te n - y e a r  p e r io d  (T ab le  1 2 ) .
The te m p e ra tu re s  above th e  1 0 -y e a r  mean (u n d e r lin e d  f ig u r e s )  a r e  
l i k e l y  to  o ccu r in  any month o f  th e  s e a s o n , and th e  number o f  
months w ith  such  te m p e ra tu re  v a r ie d  g r e a t ly  from  y e a r  to  y e a r .  B ut 
th e  change i n  th e  a m p litu d e  o f  t h i s  v a r i a t i o n  d is p la y e d  an  a n n u a l c y c le  
w ith  a  maximum (1 5 .2 °F ) i n  F e b ru a ry  and a  minimum (3 .0 °F )  i n  A u g u st.
I t s  am p litu d e  in  M arch was 1 2 .0 °F .
The te n - y e a r  mean m onth ly  p r e c i p i t a t i o n  (T ab le  13) d id  n o t  show 
a d i s t i n c t  an n u a l p a t t e r n .  H ow ever, th e  p r e c i p i t a t i o n  was h ig h e s t  
in  J u ly  and lo w est in  O c to b e r . The g r e a t e s t  d i f f e r e n c e  among te n -  
y e a r  mean p r e c i p i t a t i o n s  o f  th e  g ro w in g -seaso n  months was o n ly  1 .54  
in c h e s .  C o n tra ry  to  t h i s ,  th e  m onth ly  p r e c i p i t a t i o n  d u r in g  t e n  grow ing 
sea so n s  v a r ie d  s t r i k i n g l y  by month and by y e a r .  The l a r g e s t  a m p litu d e  
o f  th e  a n n u a l v a r i a t i o n  i n  p r e c i p i t a t i o n  was in  J u ly  (1 5 .5 1  in c h e s )  and 
th e  s m a l le s t  in  May (3 .9 4  in c h e s ) .  The s e a s o n a l  p r e c i p i t a t i o n  v a r ie d  
v e ry  much a l s o .  F o r exam ple , th e  p r e c i p i t a t i o n  in  th e  1963 grow ing 
sea so n  was o n ly  51 p e r c e n t ,  w h ile  i n  th e  1957 sea so n  i t  was 141 p e r ­
c e n t  o f  th e  t e n - s e a s o n s ' mean p r e c i p i t a t i o n .  The v a r i a t i o n  in  p re ­
c i p i t a t i o n  d id  n o t c o in c id e  w ith  th e  v a r i a t i o n  in  te m p e ra tu re  e i t h e r  by 
month o r  by y e a r .  O fte n  (25 c a s e s  o f  70) when te m p e ra tu re  was above 
a v e ra g e , p r e c i p i t a t i o n  was below  a v e ra g e .
3  /Table 12. Average monthly temperature during the 1955-1964 growing seasons at New Roads, Louisiana—
L a t .  3 0 °4 2 ' N; Long. 9 1 °2 3 ' W; E le v . 38 f t .
Month
Year T en -y ea r
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 Mean Extrem es
'u c g re c s
M arch
b /
“  6 4 .7 5 8 .9 5 8 .5 5 6 .7 5 7 .6 5 2 .7 6 2 .2 5 6 .3 6 3 .5 5 9 .0 5 9 .0 5 2 .7  -  6 4 .7
A p r i l 7 0 .7 6 5 .7 6 8 .9 6 8 .0 66 .5 68 .2 6 6 .1 6 5 .7 7 2 .1 70 .5 6 8 .2 6 5 .7  -  7 2 .1
May 7 6 .3 7 6 .6 7 6 .0 7 5 .0 7 6 .4 7 2 .1 7 3 .4 7 6 .0 7 5 .9 7 6 .0 7 5 .4 7 2 .1  -  76 .6
June 7 7 .3 7 8 .4 8 0 .3 8 1 .4 8 0 .0 8 0 .7 77 .6 79 .6 8 0 .6 8 0 .7 7 9 .7 7 7 .3  -  8 1 .4
J u ly 8 1 .3 8 2 .3 83 .2 8 2 .7 8 1 .4 8 4 .1 7 9 .7 8 3 .3 8 1 .7 8 1 .3 8 2 .1 7 9 .9  -  8 4 .1
A ugust 8 1 .1 8 1 .8 8 1 .9 8 1 .4 8 2 .0 8 1 .7 7 9 .9 8 2 .9 8 2 .4 8 2 .1 8 1 .7 7 9 .9  -  8 2 .9
Septem ber 7 9 .8 7 6 .8 7 6 .7 7 9 .4 78 .2 7 6 .8 7 5 .0 77 .9 7 8 .2 76 .2 7 7 .5 7 5 .0  -  7 9 .8
A verage 7 5 .9 7 4 .4 7 5 .1 7 4 .9 74 .6 73 .7 7 3 .4 74 .5 7 6 .3 7 5 .1 7 4 .8 7 3 .4  -  7 6 .3
a /  Com piled from  C lim a to lo g ic a l  D ata f o r  L o u is ia n a , 1956-1965. E n v iro n m en ta l S c i .  S e rv . Adm., U. S . Dep. 
Commerce, W ash ing ton , D. C.
b /  U n d e rlin e d  f ig u r e s  d en o te  te m p e ra tu re  above te n - y e a r  mean f o r  th e  m onth.
H /Table 13. Monthly precipitation during the 1955-1964 growing seasons at New Roads, Louisiana —
L a t .  3 0 °4 2 ' N; Long. 9 1 °2 3 ' W; E le v . 38 f t .
Month
Year T en -y ea r
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 Mean Extrem es
M arch 1 .4 8 4 .0 8 6 .4 0 4 .9 7 2 .4 5 2 .5 4 8 .5 8 2 .1 5 ^ 0 . 9 0 9 .7 8 4 .3 3 0 .9 0  -  9 .7 8
A p r i l 12 .8 4 4 .0 8 4 .8 7 4 .5 6 3 .7 9 3 .0 3 4 .1 1 8 .5 9 0 .49 4 .8 3 5 .02 0 .4 9  -  12 .84
May 5 .5 6 1 .89 4 .0 4 4 .3 1 6 .0 9 4 .3 5 4 .3 9 2 .4 6 3 .0 7 5 .8 3 4 .2 0 1 .8 9  -  5 .8 3
June 2 .1 9 4 .3 3 15 .1 0 8 .3 9 4 .0 5 1.42 5 .2 6 5 .4 9 3 .6 4 3 .26 5 .3 1 1 .42  -  1 5 .1 0
J u ly 8 .6 5 2 .3 0 3 .56 7 .0 1 6 .9 3 1 .2 0 7 .6 0 0 .16 5 .32 14 .67 5 .7 4 0 .16  -  14 .67
A ugust 4 .9 0 4 .0 3 2 .5 4 5 .0 1 6 .8 8 8 .7 3 5 .5 5 4 .5 1 1 .8 4 2\ 52 4 .6 5 1 .8 4  -  8 .7 3
Septem ber 3 .3 2 0 .7 0 10 .83 4 .8 8 3 .1 9 1 .16 8 .6 7 5 .52 1 .95 2 .5 3 4 .2 9 0 .7 0  -  10 .83
T o ta l 3 8 .9 4 2 0 .4 1 4 7 .3 4 39 .13 33 .38 22 .4 3 44 .16 2 8 .8 8 17 .21 43 .42 33 .53 17 .21  -  4 7 .3 4
a j  Compiled from  C lim a to lo g ic a l  D ata  f o r  L o u is ia n a , 1956-1965. E n v iro n m en ta l S c i .  S e rv . Adm., U. S . Dep. 
Commerce, W ash ing ton , D. C.
—/  U n d e rlin e d  f ig u r e s  d e n o te  p r e c i p i t a t i o n  below  e v a p o t r a n s p i r a t io n  c a lc u la te d  by T h o rn th w a ite 's  m ethod.
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As a consequence  o f  such v a r i a t i o n ,  m o is tu re  d e f ic ie n c y  in c r e a s e s  
a c c o rd in g  to  th e  in c r e a s e  o f  th e  a lg e b r a ic  sum o f  e v a p o t r a n s p i r a t io n  
and p r e c i p i t a t i o n  d e v ia t io n s  from  t h e i r  m ean s.
M onthly means and maximum d e v ia t io n s  o f  r a i n f a l l  and te m p e ra tu re
from  t h e i r  1 0 -y e a r  means a re  shown in  F ig u r e  19.
T h o rn th w a ite  (1948) has developed  a  m ethod f o r  c a l c u l a t i n g  p o te n ­
t i a l  e v a p o t r a n s p i r a t io n  from  a i r  te m p e ra tu re  a lo n e .  U sing  t h i s  method
he  found  t h a t  e v a p o t r a n s p i r a t io n  r a t e s  i n  th e  S o u th  v a ry  from  0 .0 1  
in c h  p e r  day f o r  th e  w in te r  s ea so n  to  a b o u t 0 .1 8  in c h  p e r  day f o r  th e  
summer. A cco rd in g  to  th e  method th e  a v e ra g e  m o n th ly  p o t e n t i a l  evapo­
t r a n s p i r a t i o n  f o r  T e x a s , L o u is ia n a , M is s i s s ip p i ,  and Alabama i s  
6 .7  -  0 .4  in c h e s  f o r  J u n e , J u l y ,  and A u g u st, 5 in c h e s  m on th ly  f o r  May 
and S ep tem ber, and a b o u t 2 .5  in c h es  f o r  A p r i l  o r  O c to b e r . T hese 
e v a p o t r a n s p i r a t io n  r a t e s ,  when p lo t t e d  w ith  c o rre s p o n d in g  te n - y e a r  
mean te m p e ra tu re s ,  showed t h a t  f o r  A p r i l  th ro u g h  O c to b e r th e  m onth ly  
e v a p o t r a n s p i r a t io n  r a t e  in c re a s e s  0 .37  in c h  w ith  a n  in c r e a s e  o f  1°F 
i n  m onth ly  te m p e ra tu re .
Z ahner (1956) found th a t  th e  e s t im a te s  o f  e v a p o t r a n s p i r a t io n  in  th e  
G u lf  S ou th  by T h o rn th w a ite 's  method a re  a b o u t 4 in c h e s  to o  low f o r  J u n e , 
J u l y ,  and A u g u st, and th e r e f o r e  in  c a l c u l a t i o n s  o f  w a te r  d e f ic ie n c y  f o r  
e ac h  o f  th e s e  th r e e  m onths he  u sed  a  r a t e  o f  8 in c h e s  o f  e v a p o t r a n s p i r a ­
t i o n .  Z a h n e r 's  e v a p o t r a n s p i r a t io n  f ig u r e s  f o r  May, S ep tem b er, A p r i l ,  
and O cto b er d id  n o t d i f f e r  from  th o se  d e te rm in e d  by  T h o rn th w a ite .
Van B avel (1959) u sed  Penm an's (1948) m ethod f o r  com puting  m onthly  












J A S O N D J F MF M A M
MONTH
F ig u re  19. Mean m onth ly  te m p e ra tu re  and r a i n f a l l  f o r  1955-64
p e r io d  a t  New R oads, L o u is ia n a .  Maximum d e v ia t io n s  
o f  te m p e ra tu re  and r a i n f a l l  a r e  shown a t  th e  to p .
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V a lle y . The av e rag e  r a t e s  w hich  he o b ta in e d  f o r  M arch, A p r i l ,  May, 
J u n e , J u ly ,  A ugust, and Septem ber f o r  L o u is ia n a  and th e  so u th e rn  h a l f  
o f  M is s is s ip p i  w ere 2 .8 ., 3 .7 ,  4 .7 ,  5 .4 ,  5 .5 ,  5 .0 ,  and 3 .9  in c h e s , 
r e s p e c t iv e ly .
The com parison  o f  e v a p o t r a n s p i r a t io n  r a t e s  c a lc u la te d  by th e se  
th r e e  m ethods (T ab le  14) showed t h a t  th e  r a t e s  c a lc u la te d  by 
T h o rn th w a ite 's  m ethod a re  th e  c lo s e s t  to  th e  a v e ra g e s j  th e r e f o r e  th e  
r a t e s  o f  T h o rn th w aite  w ere a d o p ted  in  t h i s  d i s s e r t a t i o n .
Table 14. Evapotranspiration ra tes  ca lcu la ted  by d iffe r e n t  methods 




xucne s — •••••• ••
March 1 .5 2 .8 1 .5 1 .93
A pril 2 .5 3 .7 2 .5 2 .9 0
May 5 .0 4 .7 5 .0 4 .9 0
June 8 .0 5 .4 6 .7 6 .7 0
Ju ly 8 .0 5 .5 7 .1 6 .8 7
August 8 .0 5 .0 6 .7 6 .5 7
September 5 .0 3 .9 5 .0 4 .6 3
T otal 3 8 .0 3 1 .0 34 .5 34 .5 0
A com parison  o f  T h o r n th w a ite 's  m onth ly  e v a p o t r a n s p i r a t io n  r a t e s  
w ith  th e  m onth ly  p r e c i p i t a t i o n  a t  New Roads (T ab le  13) le a d s  to  th e  
o b s e rv a tio n  th a t  c r i t i c a l  r a i n f a l l ,  i . e .  below  e v a p o tr a n s p ir a t io n
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(u n d e r lin e d  f i g u r e s ) ,  i s  l i k e l y  to  o ccu r i n  any month o f  th e  grow ing 
s e a s o n , and in  th e  summer t h i s  can  ta k e  p la c e  d u r in g  s e v e r a l  co n ­
s e c u t iv e  m onths o r  i n  a  p a r t i c u l a r  month d u r in g  many c o n s e c u tiv e  
s e a s o n s . However, th e  d e v ia t io n  o f  th e  mean p r e c i p i t a t i o n  from  th e  
t o t a l  e v a p o t r a n s p i r a t io n  f o r  th e  te n  grow ing sea so n s  was o n ly  -0 .9 7  in c h .
The number o f  y e a r s  w ith  c r i t i c a l  r a i n f a l l  was co u n ted  by month 
and c a lc u la te d  in  p e r c e n t .  P l o t t i n g  th e s e  p e rc e n ta g e s  a g a in s t  th e  p ro b ­
a b i l i t i e s  o f  m onth ly  r a i n f a l l  b e in g  e q u a l t o  o r  l e s s  th a n  e v a p o tra n ­
s p i r a t i o n ,  a s  c a l c u la t e d  from  th e  t a b le s  p re p a re d  by Penn e t  a l .  (1 9 6 9 ) , 
showed a  d i r e c t  r e l a t i o n s h i p .  T h is  in d ic a te d  t h a t  th e  o c c u rre n c e  o f  
c r i t i c a l  p r e c i p i t a t i o n  a t  New Roads c o rre sp o n d s  to  th e s e  p r o b a b i l i t i e s .
Use o f  m o is tu re  d e f ic ie n c y  a s  a  c r i t e r i o n  o f c r i t i c a l  c o n d i t io n s  
f o r  p la n t  developm ent i s  n o t new.
V a r ia t io n  i n  m o is tu re  d e f i c i e n c i e s  was a p p lie d  by Z ahner (1956) to  
e x p la in  p e r io d ic  grow th  d i f f e r e n c e s  among w id e ly  d i s t r i b u t e d  p in e - h a r d -  
wood f o r e s t s  i n  th e  m id -S o u th . I n  c a l c u l a t i n g  th e  d e f i c i e n c i e s  Z ahner 
u sed  m onthly  e v a p o t r a n s p i r a t io n  r a t e s  w hich  he  e s tim a te d  f o r  a  s in g l e  
la r g e  re g io n  (T ex as , A rk a n sa s , L o u is ia n a , M is s i s s ip p i ,  and A labam a) 
an d , dep en d in g  on s i t e ,  a p p ro x im a te  h y p o th e t ic a l  s o i l - m o is tu r e  s to r a g e  
c a p a c i t i e s  (6 , 8 ,  1 0 , o r  12 in c h e s )  i n  a  6 - fo o t-d e e p  s o i l  p r o f i l e ,  i . e .  
i n  th e  e f f e c t i v e  r o o t  z o n e , a s  th e  b a s ic  d a t a ,  and a c tu a l ly  re c o rd e d  
m onth ly  r a i n f a l l  f o r  a  g iv e n  l o c a l i t y ,  a s  th e  raw d a t a .  I n  o th e r  w o rd s , 
r a i n f a l l  was th e  o n ly  d e c i s iv e  c l im a t i c  f a c t o r  c o n s id e re d  i n  th e  
c a l c u l a t i o n s .
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M o is tu re  d e f ic ie n c y  was a l s o  u sed  by v an  B avel (1959) t o  p r e d i c t  
d ro u g h t p r o b a b i l i t i e s  f o r  a g r i c u l t u r a l  s o i l s  o f  th e  Lower M is s i s s ip p i  
V a l le y .  F o r c a l c u l a t i n g  m o is tu re  d e f ic ie n c y  van  B avel u sed  th e  d a i ly  
f r a c t i o n s  o f  m onth ly  e v a p o t r a n s p i r a t io n  r a t e s  d e te rm in e d  by him  f o r  
much s m a l le r  re g io n s  ( s ix  re g io n s  w i th in  A rk a n sa s , M i s s i s s i p p i ,  and 
L o u is ia n a )  th a n  th o s e  u sed  by Z ahner (1956) and d a i l y  p r e c i p i t a t i o n  
a v e rag e d  f o r  s u b - re g io n s  ( s ix  s u b - re g io n s  p e r  s t a t e ) .  C o n se q u e n tly , 
th e  v a r i a t i o n s  i n  e v a p o t r a n s p i r a t io n  from  day to  day w i th in  a g iv e n  
m onth , o r  be tw een  m onths o f  d i f f e r e n t  y e a r s ,  w ere  ig n o re d .  The v a r i a ­
t i o n  i n  r a i n f a l l  among p a r t i c u l a r  l o c a l i t i e s  w i th in  a  s u b - re g io n  was 
ig n o re d  a l s o .
S in c e  th e  in c id e n c e  o f  m o is tu re  d e f ic ie n c y  was th e  o b je c t iv e  o f  
h i s  s tu d y ,  th e  am ounts o f  r a i n  in  ex cess  o f  c e r t a i n  h y p o th e t i c a l  s o i l  
m o is tu re  s to r a g e  c a p a c i t i e s  w ere d is re g a r d e d  a l s o .
B oth  th e s e  m e th o d s, a l th o u g h  s e rv in g  w e l l  t h e i r  p u rp o s e s , d id  n o t
f i t  s u f f i c i e n t l y  e i t h e r  th e  c o n d it io n s  o r  p u rp o se  o f  th e  s tu d y  d is c u s s e d
i n  t h i s  s e c t i o n .  However, know ledge o f  th e s e  m ethods h a s  g e n e ra te d  
a  new id e a  f o r  a  s u i t a b l e  m ethod.
C o n s id e r in g  a l l  th e  v a r i a t i o n s  in  p r e c i p i t a t i o n  and i n  evapo­
t r a n s p i r a t i o n  due to  th e  m ethod o f  i t s  d e te r m in a t io n  and to  f l u c t u a ­
t io n s  i n  te m p e ra tu re ,  th e  a u th o r  co n clu d ed  t h a t  d e te r m in a t io n  o f  
m o is tu re  d e f ic ie n c y  can  n o t be b ased  on d a ta  o f  d i f f e r e n t  r a n k , i . e .  
su ch  a s  d a i ly  p r e c i p i t a t i o n  a t  a  g iv e n  l o c a l i t y  and m on th ly  evapo­
t r a n s p i r a t i o n  a v e rag e d  f o r  a  la r g e  re g io n .
F o r b e s t  r e s u l t s  th e  d a ta  u sed  f o r  c a l c u l a t i n g  m o is tu re  d e f ic ie n c y
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sh o u ld  be a d ju s te d  to  th e  c o n d it io n s  o f  l o c a l i t y  and th e  p e r io d  o f  
tim e  and be o f  eq u a l ra n k .
S in c e  s o i l  m o is tu re  s to ra g e  c a p a c i ty  o f  th e  u p p e r 2 - f o o t  s o i l  
l a y e r  ( r o o t  zone o f  o n e -y e a r -o ld  s e e d l in g s )  i s  n e a r ly  c o n s ta n t ,  a t  
l e a s t  f o r  a  c o u p le  o f  y e a r s ,  and s in c e  a c c o rd in g  to  Z ahner (1956)
" w in te r  p r e c i p i t a t i o n  s u rp lu s e s  do n o t  v a ry  g r e a t l y  from  y e a r  to  y e a r , "  
th e  a u th o r  o f  t h i s  r e p o r t  assum ed t h a t ,  f o r  good s u r v iv a l  and s a t i s ­
f a c to r y  developm ent o f  cottonw ood c u t t i n g s  d u r in g  th e  f i r s t  grow ing 
s e a s o n , the" m o is tu re  c o n te n t  in  th e  s o i l  sh o u ld  rem ain  th ro u g h o u t th e  
w hole se a so n  e q u a l to  th a t  on th e  p l a n t in g  d a y .
To s u p p o r t  t h i s  assu m p tio n  some in fo r m a t io n  a b o u t m o is tu re  
c a p a c i ty  o f  th e  s o i l  in  th e  1961 p l a n t a t i o n  i s  g iv e n  below .
The a v e ra g e  a v a i l a b l e  w a te r  c a p a c i ty  i n  th e  s u r f a c e  s o i l  (upper 
2 f e e t )  i n  th e  1961 p l a n t a t i o n  i s  25 p e r c e n t  (T ab le  33 ) by volum e, 
e q u iv a le n t  to  ap p ro x im a te ly  5 .6  in c h e s  o f  w a te r .
An e x c e ss  o f  p r e c i p i t a t i o n  above e v a p o t r a n s p i r a t io n , .  l e s s  1 .0  
in c h  o f  w a te r  needed to  r e p le n is h  la r g e  p o re s  and s a t u r a t e  th e  u p p e r
f o o t  o f  s o i l ,  u s u a l ly  i s  l o s t  i n  r u n o f f .
When m onth ly  e v a p o t r a n s p i r a t io n  ex ceed s  p r e c i p i t a t i o n  by more 
th a n  3 in c h e s  ( th e  a v a i l a b le  m o is tu re  c o n te n t  i n  th e  u p p e r f o o t  o f
s o i l ) ,  and i f  c a p i l l a r y  r i s e  o f  m o is tu re  from  th e  low er s t r a t a  i s
ig n o re d , th e  w i l t i n g  p o in t  may be  re a c h e d , r e s u l t i n g  in  s e r io u s  
m o is tu re  s t r e s s  f o r  s h a llo w -ro o te d  v e g e ta t io n .
A v a i la b le  m o is tu re  r a r e l y  d ro p s  to  th e  w i l t i n g  p o in t  i n  th e  second  
f o o t  o f  s o i l .  However, i f  even  o n e - h a lf  o f  t h i s  m o is tu re  w ould b e  removed
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by e v a p o t r a n s p i r a t io n ,  i . e .  4 .5  in c h e s  o f  w a te r  from  th e  u p p e r 2 f e e t  
o f  s o i l ,  i t  w i l l  s ig n i f y  a  co m p le te  c a ta s t r o p h y  f o r  s h a llo w -ro o te d  
p l a n t s .
A cco rd ing  to  van  B avel (1959) th e  minimum number o f  d ro u g h t days 
e x p ec te d  in  th e  r e g io n  o f  th e  e x p e r im e n ta l  co ttonw ood p l a n ta t io n s  in  
th e  d r i e s t  f iv e  o u t o f  te n  y e a r s  d u r in g  th e  p e r io d  M arch th ro u g h  
November f o r  a  s o i l  w ith  a  m o is tu re  s to r a g e  c a p a c i ty  o f  3 in c h e s  i s  45 
d a y s , and f o r  a  s o i l - m o is tu r e  s to r a g e  c a p a c i ty  o f  5 in c h e s  i s  25 d a y s .
As a  r e s u l t  o f  th e  a b o v e -d is c u s se d  a n a ly s e s  a  c o n ce p t o f  an  a d ­
ju s t e d  m o is tu re  b a la n c e  was d e v e lo p e d , w ith  th e  a ssu m p tio n  t h a t  th e  
t o t a l  s e a s o n a l  d i f f e r e n c e  ( -0 .9 7  in c h )  be tw een  p r e d ic te d  e v a p o tra n ­
s p i r a t i o n  and th e  1 0 -y ea r mean p r e c i p i t a t i o n  i s  a  c o n s ta n t .
The te rm  " a d ju s te d  m o is tu re  b a la n c e "  a s  u sed  h e re  i s  th e  d i f f e r e n c e  
b etw een  th e  d e v ia t io n  o f th e  a c t u a l  p r e c i p i t a t i o n  f ro m .th e  a d ju s te d  
p o t e n t i a l  e v a p o t r a n s p i r a t io n  ( f o r  a  g iv e n  month o r  s e a so n )  and th e  
d e v ia t io n  o f  lo n g -te rm  mean p r e c i p i t a t i o n  from  e v a p o t r a n s p i r a t io n  
p r e d ic te d  f o r  th e  same p e r io d  o f  t im e . When t h i s  d i f f e r e n c e  betw een 
th e  two d e v ia t io n s  ap p ro ach es  z e r o ,  th e  a d ju s te d  m o is tu re  b a la n c e  
a l s o  i s  n e a r ly  z e r o .
The v a r i a t i o n s  in  te m p e ra tu re ,  e v a p o t r a n s p i r a t io n ,  and p r e c i p i t a ­
t i o n  d u r in g  th e  1961-1964 grow ing s e a so n s  w ere  a n a ly z e d  i n  d e t a i l  in  
o rd e r  to  d e te rm in e  m o is tu re  b a la n c e  f o r  each  month and f o r  each  s e a s o n .
The c a l c u l a t i o n  o f  a  m o is tu re  b a la n c e  r e q u i r e s  o p e ra t io n s  w ith  s ix  
v a r i a b l e s :  a c tu a l  te m p e ra tu re , lo n g - te rm  mean te m p e ra tu re , a c tu a l
e v a p o t r a n s p i r a t io n ,  p r e d ic te d  e v a p o t r a n s p i r a t io n ,  a c t u a l  p r e c i p i t a t i o n ,
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and lo n g -te rm  mean p r e c i p i t a t i o n  .
Because th e  v a lu e  o f  a m onth ly  m o is tu re  b a lan c e  r e s u l t s  from  i n t e r ­
a c t io n  o f  a l l  th e s e  v a r i a b l e s ,  and s e a s o n a l  m o is tu re  b a lan ce  i s  a cumu­
l a t i v e  v a lu e  o f  sev en  m onth ly  m o is tu re  b a la n c e s ,  th e  n e c e s s i ty  o f  
d ev e lo p in g  a fo rm ula  f o r  s im p l i f i c a t i o n  o f  th e s e  c a lc u la t io n s  was 
a p p a r e n t .
I n  d e v e lo p in g  th e  fo rm u la , th e  fo llo w in g  te rm s w ere u sed :
Pm - -  L ong-term  mean m onth ly  p r e c i p i t a t i o n  ( in c h e s ) .
Pa - -  A c tu a l m o n th ly  p r e c i p i t a t i o n  ( in c h e s ) .
Pd — D e v ia tio n  o f  a c tu a l  m onth ly  p r e c i p i t a t i o n  from lo n g -te rm  mean
m on th ly  p r e c i p i t a t i o n  (inches); Pd i s  n e g a tiv e  when P a< P m .
Tm - -  L ong-term  mean m onth ly  te m p e ra tu re  ( ° F ) .
Ta — A c tu a l mean m on th ly  te m p e ra tu re  ( ° F ) .
Td — D e v ia tio n  o f  a c tu a l  mean m onth ly  te m p e ra tu re  from lo n g - te rm
mean m o n th ly  te m p e ra tu re  ( ° F ) ; Td i s  n e g a tiv e  when Ta<Tm .
ETp - -  E v a p o tr a n s p ir a t io n  p r e d ic te d  by T h o rn th w a ite 's  method f o r
a month ( in c h e s ) .
ETr - -  E v a p o tr a n s p ir a t io n  r a t e  p e r 1°F p e r  month ( in c h e s ) .
ETa - -  A d ju s ted  m o n th ly  e v a p o t r a n s p i r a t io n  ( in c h e s ) .
ETd - -  D e v ia tio n  o f  m onth ly  a d ju s te d  e v a p o t r a n s p i r a t io n  from  t h a t
p r e d ic te d  f o r  a month (in c h e s) jE T d  i s  n e g a tiv e  when E T a< E T p,
Nd - -  D e v ia tio n  o f  lo n g -te rm  mean m on th ly  p r e c i p i t a t i o n  from
e v a p o t r a n s p i r a t io n  p re d ic te d  f o r  th e  month ( in c h e s ) ;  Nd i s  
n e g a tiv e  when Pm<ETp.
Mb — A d ju s ted  m o is tu re  b a la n c e  c a lc u la te d  f o r  a g iv e n  month ( in c h e s ) .
As d e f in e d  above:
Mb = (Pa -  ETa) -  (Pm -  ETp) 
w here : ETa = ETp +  ETd
ETd = (Ta -  Tm) ETr = Td x E T r, and
Pm -  ETp = Nd.
T hus, m onth ly  a d ju s te d  m o is tu re  b a la n c e  i s :
Mb = Pa -  [ETp + (Td x E T r)] -  (Pm -  ETp)
Mb = Pa -  ETp -  (Td x ETr) -  Pm + ETp
Table 15. Sample calculation table for Mb in the 1963 growing season
Month Ta Tm Td ETr ETd ETp ETa Pa Pm Pd Nd Mb
f F Op Op I n . / ° F In c h In c h In ch In ch In c h In c h In c h In c h
M arch 6 3 .5 5 9 .0 5 .5 0 .15 0.82 1 .5 0 2 .3 2 0 .9 0 4 .3 3 -3 .4 3 2 .8 3 -4 .2 5
A p r i l 7 2 .1 6 8 .2 3 .9 0 .37 1 .4 4 2 .5 0 3 .9 4 0 .49 5 .0 2 -4 .5 3 2 .5 2 -5 .9 7
May 7 5 .9 7 5 .4 0 .5 0 .37 0 .18 5 .0 0 5 .1 8 3 .0 7 4 .2 0 -1 .1 3 -0 .8 0 -1 .3 1
June 8 0 .6 7 9 .7 0 .9 0 .37 0 .33 6 .7 0 7 .0 3 3 .6 4 5 .3 1 t1 .6 7 -1 .3 9 -2 .0 0
J u ly 8 1 .7 8 2 .1 - 0 .3 0 .37 -0 .1 1 7 .1 0 6 .9 9 5 .3 2 5 .7 4 -0 .4 2 -1 .3 6 -0 .3 1
A ugust 8 2 .4 8 1 .7 0 .7 0 .37 0 .26 6 .7 0 6 .96 1 .8 4 4 .6 5 -2 .8 1 -2 .0 5 -3 .0 7
Septem ber 78 .2 77 .5 0 .7 0 .37 0 .26 5 .0 0 5 .2 6 1 .95 4 .2 8 -2 .3 3 -0 .7 2 -2 .5 9
T o ta l 3 .1 8  3 4 .5 0  37 .6 8  17 .2 1  33 .53  -1 6 .3 2  -0 .9 7  -1 9 .5 0
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Mb = Pa - Pm - (Td x E T r) , 
and s e a s o n a l  a d ju s te d  m o is tu re  b a la n c e  i s :
n n n
X Pdi ’  H  ( T d x E X r ) t , 
i  = 1 i  = 1 i  = 1
w here n  r  number o f  m onths in  th e  se a so n .
As an  exam ple, a sam ple c a l c u l a t i o n  o f  th e  a d ju s te d  m o is tu re  b a la n c e  (Mb) 
f o r  th e  f i r s t  g row ing  sea so n  in  th e  1963 p l a n t a t i o n  i s  p re s e n te d  in  
T ab le  15 (p re v io u s  p a g e ) .
The com parison  o f a d ju s te d  m onth ly  m o is tu re  b a la n c e s  d u r in g  th e  
1961-1964 grow ing sea so n s  a t  New R oads, L o u is ia n a , i s  shown i n  T ab le  
16 and a l s o  p re s e n te d  d ia g r a m a t ic a l ly  in  F ig u re  20 .
T ab le  16 . A d ju s ted  m o is tu re  b a la n c e s  d u rin g  th e  1961-1964 grow ing 







a v erag e
1 0 -y r .  mean 
Nd
------ ------------ — -------— - I n c h e s ----
March 3 .7 7 -1 .7 8 -4 .2 5 5 .4 5 0 .8 0 2 .8 3
A p r i l -0 .1 3 4 .4 9 -5 .9 7 -1 .0 4 -0 .6 6 2 .5 2
May 0 .9 3 -1 .9 6 -1 .3 1 1 .41 -0 .2 3 - 0 .8 0
June 0 .7 3 0.22 - 2 .0 0 -2 .4 2 -0 .8 7 -1 .3 9
J u ly 2 .6 7 -6 .0 2 -0 .3 1 9 .2 3 1.39 -1 .3 6
A ugust 1 .5 7 -0 .5 8 -3 .0 7 -2 .2 8 -1 .0 9 -2 .0 5
Septem ber 5 .3 1 1 .09 -2 .5 9 -1 .2 7 0 .6 3 -0 .7 2
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F ig u re  2 0 . A d ju s ted  m o is tu re  b a la n c e s  d u r in g  th e  1961-1964
grow ing seaso n s  a t  New R oads, L o u is ia n a .  Heavy s o l id  
l i n e  i n d ic a te s  te n - y e a r  mean m o n th ly  m o is tu re  
d e f i c i e n c i e s  (Nd = Pm -  ETp).
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The r e s u l t  o f  r e g r e s s io n  a n a ly s i s  o f  f i r s t - y e a r  s u r v iv a l  f o r  
c u t t i n g s  p la n te d  3 f e e t  deep  by v a r io u s  im proved tre a tm e n ts  ( a t  l e a s t  
i n  two p l a n ta t io n s  u s in g  th e  same t r e a tm e n t)  w i th  XMb a s  th e  in d e p en ­
d e n t v a r i a b l e  showed a  d i r e c t  r e l a t i o n s h i p  betw een  th e s e  two v a r i a b l e s  
(F ig u re  2 1 ) .
An in c r e a s e  o f  1 in c h  i n  XMb p roduced  1 .3 6  p e rc e n t  im provem ent 
i n  s u r v iv a l  as p roven  by th e  r e g r e s s io n  e q u a tio n :
S u rv iv a l  (p e rc e n t)  = 6 5 .4  +  1 .3 6  X M b;
w ith  r  = 0 .5 6 ,  and t  = 3 .3 1 8  w ith  25 d e g re e s  o f  freedom ,
s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .
S in c e  1 in c h  o f  s e a s o n a l  X  Mb i s  e q u iv a le n t  to  1 /7  in c h  o f  
m onth ly  Mb, an  in c re a s e  o f  1 in c h  i n  m on th ly  Mb p roduced  an  im prove­
ment o f  9 .52  p e rc e n t  in  s u r v iv a l  o f  c u t t i n g s  p la n te d  by th e  im proved 
m e th o d s.
The m ost ex trem e v a lu e s  o f  XMb w ere  -1 9 .5 0  in c h e s  in  th e  1963 
and + 1 4 .8 5  in c h e s  in  th e  1961 grow ing se a so n s  (T ab le  1 6 ) .
The v a r i a t i o n  in  a i r  te m p e ra tu re  c o n t r ib u te d  2 1 .5  p e rc e n t  to  th e  
t o t a l  d i f f e r e n c e  betw een th e s e  XMb v a lu e s  by in c r e a s in g  th e  p o s i t i v e  
b a la n c e  o f  th e  1961 sea so n  by 4 .2 2  in c h e s  due to  red u ced  e v a p o t r a n s p i r a ­
t i o n  a s  a  consequence  o f  below  norm al (1 0 -y e a r  mean) a i r  te m p e ra tu re  
and by in c r e a s in g  n e g a t iv e  b a la n c e  o f  th e  1963 se a so n  by -3 .1 8  in c h es  
due to  in c re a s e d  e v a p o t r a n s p i r a t io n  a s  a  con seq u en ce  o f  above norm al 
te m p e ra tu re .
S in c e  th e  av e rag e  te m p e ra tu re  in  th e  1961 grow ing se a so n  was
19621963 1964 1961
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£  Mb, in c h e s
F ig u r e .2 1 . F i r s t - y e a r  s u r v iv a l  by tre a tm e n t  a s  r e l a t e d  t o  a d ju s te d  s e a s o n a l m o is tu re  
balance2TM b in  th e  1961-1964 p l a n t a t i o n s .  The sym bols ( o , A , D , 0 )  d en o te  
av e rag e  s u r v iv a l  i n  c u t t in g s  p la n te d  by th e  s ta n d a rd  method and c u t t i n g  
w ith  0 .3 3 ,  2 .0 0 ,  and 3 .6 6  f t ,  r e s p e c t iv e ly ,  p la n te d  3 - f e e t - d e e p  in
u n d is tu rb e d  s o i l .  C irc le d  sym bols d e n o te  c u t t in g s  p la n te d  in  th e  s o i l  o%
mixed i n  h o l e s .
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1 .4°F  below  and i n  th e  1963 sea so n  was 1 .5 °F  above norm al C ^ b le  1 2 ) , 
th e  d i r e c t  e f f e c t  o f  te m p e ra tu re  on s u r v iv a l  was c a lc u la te d .  I t  
was found t h a t  1°F o f  a v e ra g e  s e a s o n a l  te m p e ra tu re  above norm al 
a d v e rse ly  a f f e c t e d  s u r v iv a l  and 1°F below  norm al im proved s u r v iv a l  
by a p p ro x im a te ly  3 .5  p e r c e n t .
As a r e s u l t - o f  t h i s  th e  s u r v iv a l  o f  im proved tre a tm e n ts  i n  th e  
1961 p l a n t a t i o n  was 5 .7 4  p e r c e n t  h ig h e r  and in  th e  1963 p l a n t a t i o n  was
4 .3 2  p e rc e n t  lo w er th a n  i t  would have been  i f  a i r  te m p e ra tu re  i n  th e s e  
two sea so n s  had  b een  n o rm a l. C o n se q u e n tly , th e  d i f f e r e n c e  betw een  
s u r v iv a l  i n  th e  1961 p l a n t a t i o n  and s u r v iv a l  in  th e  1963 p l a n t a t i o n  
was e n la rg e d  by 10 .06  p e r c e n t  ( e q u iv a le n t  to  2 1 .5  p e rc e n t  o f  th e  t o t a l  
d i f f e r e n c e ) .  The rem a in in g  7 8 .5  p e rc e n t  o f  t h i s  d i f f e r e n c e  i n  
s u r v iv a l  was due t o  th e  v a r i a t i o n  in  p r e c i p i t a t i o n  i t s e l f .
The e f f e c t  o f  te m p e ra tu re  on s u r v iv a l  in  th e  1962 p l a n t a t i o n  was 
n e g l i g i b l e ,  and  in  th e  1964 p l a n t a t i o n  i t  r e s u l t e d  in  - 1 .1  p e r c e n t  o f  
s u r v iv a l .  The d i f f e r e n c e  betw een  s u r v iv a l  in  th e s e  two p l a n t a t i o n s  was 
p r a c t i c a l l y  due t o  th e  v a r i a t i o n  in  p r e c i p i t a t i o n  o n ly . H ence , th e  
d i f f e r e n c e  b e tw een  s u r v iv a l  in  th e  1962 and th e  1963 p l a n t a t i o n s  was 
2 1 .2  p e r c e n t  due to  ab o ve-no rm al te m p e ra tu re  and 78 .8  p e r c e n t  d u e  to  
d i f f e r e n c e  i n  p r e c i p i t a t i o n .  But th e  d i f f e r e n c e  betw een s u r v iv a l  i n  
th e  1961 and th e  1964 p l a n t a t i o n s  was 7 3 .1  p e r c e n t  due to  b e lo w -n o rm al 
te m p e ra tu re  and 2 6 .9  p e r c e n t  due to  d i f f e r e n c e  i n  p r e c i p i t a t i o n .
W hile  su ch  a  r e l a t i o n s h i p  was found  betw een  th e  s u r v iv a l  o f  
c u t t in g s  p la n te d  by th e  im proved t r e a tm e n ts  and th e  21 Mb, th e  s u r v iv a l  
o f  c u t t in g s  p la n te d  by th e  s ta n d a rd  m ethod, a lth o u g h  s a t i s f a c t o r y  (7 3 .8
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p e r c e n t )  i n  th e  1961 p l a n t a t i o n ,  had  d e c re a s e d  to  37 p e rc e n t  in  th e  
1964 p l a n t a t i o n  b ecau se  o f  a  d e c re a s e  in  XMb by 5 .77  in c h e s ,  i . e .  
a t  a r a t e  o f  6 .3 7  p e rc e n t  o f  s u r v iv a l  p e r  1 in c h  d e c re a s e  in  XM b, 
com pared w ith  th e  r a t e  o f  1 .36  p e r c e n t  o f  s u r v iv a l  i n  c u t t in g s  p la n te d  
by th e  im proved tre a tm e n ts  (F ig u re  2 1 ) .
The a u th o r  b e l ie v e s  t h a t  th e  r e a s o n  f o r  su ch  a  m arked d e c re a s e  in  
s u r v iv a l  o f  c u t t in g s  p la n te d  by th e  s ta n d a rd  method was t h a t ,  when X lib  
d e c re a se d  by 5 .77  in c h e s ,  s o i l  m o is tu re  i n  th e  u p p e r  1 .3 - f o o t  s o i l  
la y e r  was red u ced  to  such  an  e x te n t  t h a t  some p o o r ly  ro o te d  c u t t in g s  
c o u ld  n o t s u r v iv e ,  e s p e c ia l l y  when th e y  becam e o p p re s se d  by weed v ege­
t a t i o n  ( P la te s  6 and 1 2 ) .
C o n t r a r i l y ,  th e  combined e f f e c t  o f  th e  same d e c re a s e  in  XMb and 
o f  e q u a l ly  w e ll-d e v e lo p e d  weed v e g e ta t io n  r e s u l t e d  in  o n ly  7 .8  p e rc e n t  
d e c re a s e  in  s u r v iv a l  o f  c u t t in g s  p la n te d  by  th e  im proved t r e a tm e n ts .
The r e s u l t  o f  th e  r e g r e s s io n  a n a ly s i s  o f  s u r v iv a l  o f  c u t t i n g s  
p la n te d  by th e  s ta n d a rd  method i n  th e  1962-64 p la n t a t i o n s  w ith  XMb 
a s  th e  in d e p en d e n t v a r i a b le  showed t h a t  th e  r a t e  o f  in c r e a s e  i n  t h i s
s u r v iv a l  p e r  1 in c h  o f  XMb was v e ry  s i m i l a r  to  t h a t  o f  th e  s u r v iv a l
o f  c u t t in g s  p la n te d  by th e  im proved t r e a tm e n t s .  The r e g r e s s io n  e q u a tio n  
i s  a s  fo l lo w s :
S u r v iv a l  (p e rc e n t)  = 2 7 .6  +  1 .3 4  X M b;
w ith  r  = 0 .8 3 , and t  = 2 .9 6 ,  w ith  4 d e g re e s  o f  freedom , s i g n i f i c a n t
a t  th e  0 .0 5  p r o b a b i l i t y  l e v e l .
S u r v iv a l  o f  th e  s ta n d a rd  c u t t i n g s  i n  th e  1962-64 p l a n t a t i o n s  was 
a b o u t 34 p e r c e n t  below  th e  s u r v iv a l  o f  th e  p o o r e s t  im proved t r e a tm e n t
168
and ab o u t 42 p e rc e n t  below  s u r v iv a l  o f  th e  b e s t  im proved tre a tm e n t 
( c u t t in g s  p la n te d  in  mixed s o i l  i n  1 4 - in c h -d ia m e te r  h o le s ) .
S u rv iv a l o f c u t t i n g s  p la n te d  by th e  s ta n d a rd  m ethod in  th e  
1964 p la n ta t io n  when XMb was 9 .0 8  in c h e s  was a p p ro x im a te ly  th e  same 
a s  s u r v iv a l  o f  c u t t in g s  p la n te d  by th e  im proved t r e a tm e n ts  i n  th e  
1963 p l a n ta t io n  when ^Mb was -1 9 .5 0  in c h e s  (F ig u re  2 1 ) .  Such a  d i f ­
fe re n c e  betw een s e a s o n a l  m o is tu re  b a la n c e s  c o rre sp o n d s  to  an a v e rag e  
d i f f e r e n c e  o f  4 .1  in c h e s  i n  m onth ly  m o is tu re  d u r in g  th e  grow ing s e a s o n .
Now i t  i s  u n d e rs ta n d a b le  why th e  c u t t i n g s  p la n te d  by th e  s ta n d a rd
method d id  n o t s u rv iv e  on any  s i t e  in  th e  1963 p l a n t a t i o n .  Y e t, i n  th e
same p l a n ta t io n  s ta n d a rd  c u t t i n g s  p la n te d  in  s o i l  mixed in  9 - in c h -  
d ia m e te r  h o le s  m ulched w ith  2 - f o o t - s q u a r e  la m in a te d  K ra f t-p a p e r  pads 
and  w ith  a d d i t io n a l  p r o t e c t io n  f o r  th e  s u r f a c e  s o i l  a g a in s t  d ry in g -  
up (bedding  th e  s o i l )  s u rv iv e d  50 p e rc e n t  on a  d ry  s i t e  and 75 p e rc e n t  
on a  m o is t s i t e .  M o reover, in  th e  same p l a n t a t i o n ,  c u t t in g s  w ith  
= 3 .66  f e e t  p la n te d  3 f e e t  deep  i n  m ixed s o i l  u n d e r  s im i la r  t r e a t ­
m ent su rv iv e d  61 p e r c e n t  on a  d ry  s i t e  and 100 p e r c e n t  on a m o is t s i t e .
As d e te rm in ed  by two r e g r e s s io n  a n a ly s e s  u s in g  grouped d a ta  
(im proved t r e a tm e n ts ) ,  th e  e f f e c t  o f  an n u a l v a r i a t i o n  i n  c l im a t ic  co n ­
d i t i o n s  on s u r v iv a l  o f  co ttonw ood  c u t t in g s  was s i g n i f i c a n t l y  m o d if ied  
by p la n t in g  t r e a tm e n ts .  H ow ever, i t  was im p o ss ib le  to  s e p a r a te  th e  
e f f e c t  o f  c l im a t ic  c o n d i t io n s  on s u r v iv a l  by s i t e  and by tre a tm e n t 
b ecau se  o f  i n s u f f i c i e n t  d e g re e s  o f  freedom .
N e v e r th e le s s ,  th e  t r e n d s  i n  th e  d a ta  (T ab les  5 th ro u g h  10) i n d i c a t e  
th e  f e a s i b i l i t y  o f  s e l e c t i n g  a  tr e a tm e n t  o r  t r e a tm e n ts  w hich can  be
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e f f i c i e n t  in  s e c u r in g  th e  h ig h e s t  s u r v iv a l  u n d e r any p o s s ib le  c l im a t ic  
and s i t e  c o n d i t io n s  in  th e  r e g io n .
The developm ent o f  th e  a d ju s te d  m o is tu re  b a la n c e  p ro v id e s  a  common- 
d e n o m in a to r - l ik e  d e v ic e  f o r  w e ig h in g  b o th  th e  e n v iro n m e n ta l c o n d i t io n s  
and th e  e f f i c i e n c y  o f p la n t in g  t r e a tm e n ts .
S in c e  c l im a t i c  c o n d i t io n s  a r e  s u b je c t  to  a  w ide v a r i a t i o n ,  w hich 
i s  u n c o n t r o l l a b l e ,  new p la n t in g  t re a tm e n ts  sh o u ld  be aimed a t  
d im in is h in g  th e  ru n o f f  and th e  e v a p o ra tio n  o f  m o is tu re  from  th e  s u r f a c e  
s o i l ,  a t  i n c r e a s in g  th e  a v a i l a b i l i t y  o f  m o is tu re  from  th e  d e ep e r s o i l  
s t r a t a ,  a t  im prov ing  th e  developm ent o f  r o o t  sy s te m s , and a t  a  r i g i d  
s e l e c t i o n  o f  th e  p la n t in g  s to c k .
The i d e a l  t r e a tm e n t would be one th a t  w i l l  y i e l d  a  h ig h  s u r v iv a l  
o v e r th e  e n t i r e  ran g e  o f  p o s s ib le  S^Mb. Such a  t r e a tm e n t  would have 
a  b ^ - c o e f f i c i e n t  n e a r  z e ro  and a  bQ-c o n s ta n t  n e a r  100 p e r c e n t .  Such 
a  t r e a tm e n t ,  a l th o u g h  d e s i r a b l e ,  has y e t  to  be  fo u n d .
E f f e c t s  o f  P la n t in g  T rea tm en ts  on T ree  Growth
The te c h n iq u e  o f  p la n t in g  u n ro o te d  c u t t i n g s  i s  a  much s im p le r  
o p e ra t io n  th a n  p la n t in g  s e e d l in g s . But grow ing t r e e s  from  u n ro o te d  
c u t t i n g s  p r e s e n ts  i t s  own p e c u l i a r i t i e s ,  e s p e c i a l l y  when th e  g ra d in g  
o f  n u r s e r y - r u n  c u t t in g s  i s  b ased  m erely  on th e  a p p e a ra n c e  o f  th e  c u t t i n g .
A 2 0 - in c h - lo n g  and from  0 .5 -  to  1 .0 - in c h -d ia m e te r  c u t t i n g  f r e e  
from  b o r e r ,  c a n k e r ,  and m ech an ica l damage h as  b een  a c c e p te d  a s  th e  
s ta n d a r d  p l a n t in g  s to c k  f o r  e s t a b l i s h in g  cottonw ood p la n t a t i o n s  in  th e  
S ou th  (M a isen h e ld e r 1960, M cKnight 1970).
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C o n s id e rin g  th e  v a r i a t i o n  in  b o tto m lan d  s o i l s  and th e  g e o g ra p h ic  
and an n u a l v a r i a t i o n s  o f  c l im a t i c  c o n d it io n s  in  th e  S o u th , th e  a u th o r  
h a s  p o s tu la te d  t h a t  th e  e f f i c i e n c y  o f  a s in g le  s ta n d a rd  w i l l  v a ry  
g r e a t ly  w ith  th e  e c o lo g ic a l  c o n d i t io n s  o f  th e  l o c a l i t y .  C o n se q u e n tly , 
no u n ifo rm ity  in  p e rfo rm an ce  o f  a  s in g le  s ta n d a rd  can  b e  a c h ie v e d  
e i t h e r  from  y e a r  to  y e a r  o r  from  one l o c a l i t y  to  a n o th e r .  T h is  was 
e x p l i c i t l y  co n firm ed  in  th e  two p re c e d in g  s e c t io n s  in  re g a rd  to  f i r s t -  
y e a r  s u r v iv a l  o f  co ttonw ood c u t t in g s  p la n te d  on d i f f e r e n t  s i t e s  d u r in g  
th e  1961-1964 grow ing s e a s o n s .
The r e s u l t  o f  a  t e s t  o f  th e  e f f e c t s  o f  20 tre a tm e n t c o m b in a tio n s  
o f  fo u r  le n g th s  o f  c u t t i n g  above th e  ground (C^) w ith  f i v e  p l a n t in g  
d e p th s  (C^) on f i r s t - y e a r  grow th o f  cottonw ood in  th e  1961 p l a n t a t i o n  
showed t h a t  f i r s t - y e a r  t r e e  h e ig h t  c o n s i s t s  o f  two p a r t s ,  th e  h e ig h t  
o f  l i v e  p o r t i o n  (Cq ) o f  th e  above-g round  p a r t  o f  th e  c u t t i n g  p lu s  th e  
h e ig h t  o f  f i r s t - y e a r  s h o o t (F ig u re  2 ) .  The h e ig h t  o f  Cq depends on th e  
i n t e r a c t i o n  be tw een  C^ and C^ (E q u a tio n  3 ) .  The s h o o t h e ig h t  (h^-C Q) 
depends on C^ (T ab le  4 5 ) ,  and i s  s l i g h t l y  r e l a t e d  to  C^ and C^ (E q u a tio n  
4 ) .  and c o n se q u e n tly  i s  r e l a t e d  to  Cq (E q u a tio n  5 ) .  T h u s , t r e e  h e ig h t  
(h^) i s  s i g n i f i c a n t l y  b u t  s l i g h t l y  r e l a t e d  to  (C^ x  C^) i n t e r a c t i o n  
(T ab le  46 and E q u a tio n  6 ) ,  and c o n se q u e n tly  h^ i s  d i r e c t l y  b u t  s l i g h t l y  
r e l a t e d  to  Cq (E q u a tio n  7 ) .  H e ig h ts  o f  Cq and h^ by t r e a tm e n t  in  th e  
1961 p l a n t a t i o n  a r e  shown in  T a b le s  17 and 18 , r e s p e c t i v e l y .  The r e l a ­
t io n s h ip s  o f  CQ, (h^ -  Cq) ,  and h^ w ith  C^ and C^ a r e  p re s e n te d  
d ia g r a m a t ic a l ly  i n  F ig u r e s  2 2 , 2 3 , and 2 4 , r e s p e c t iv e ly .  The r e l a t i o n ­
s h ip  betw een h^ and Cq a lo n e  i s  shown in  F ig u re  25 . The r e l a t i o n s h i p s
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Table 17. Height of CQ by treatment in the 1961 plantation
D epth o f  
p la n t in g
<cd) 0 .3 3 2 .0 0 3 .5 0 5 .0 0
F e e t ---------------------------- F e e t -
1 .33 0 .1 3 1 .8 1 3 .0 6 4 .0 7
2 .0 0 0 .02 1 .5 4 2 .6 4 3 .5 1
3 .0 0 0 .0 3 1 .32 2 .2 2 2.88
4 .0 0 0 .1 4 1 .31 2 .0 0 2 .4 6
5 .0 0 0 .26 1 .4 9 1 .9 8 2 .2 5
—̂  CQ was c a l c u la t e d  from  r e g r e s s io n  e q u a tio n  3 .
T ab le  18. F i r s t - y e a r  t r e e  
p l a n t a t i o n  —'
h e ig h t  (h-^) by t r e a tm e n t  i n  th e  1961
D epth o f  
p la n t in g  
(C d ) 0 .3 3 2 .0 0 3 .5 0 5 .0 0
F e e t
1 .33 5 .7 7 6 .8 1 7 .7 6 8 .6 7
2 .0 0 5 .9 8 6 .8 4 7 .6 1 8 .3 8
3 .0 0 6 .2 8 6 .8 9 7 .42 7 .9 5
4 .0 0 6 .5 9 6 .9 3 7 .2 3 7 .53
5 .0 0 6 .8 9 6 .9 7 7 .0 3 7 .1 0


























1 .3 3  2 .0 4 .03 .0 5 .0
DEPTH OF PLANTING (Cd ) ,  f e e t
F ig u re  22 . H eigh t o f  l i v e  c u t t i n g  (C0 ) in  th e  1961 p l a n ta t io n  
as  r e l a t e d  t o  Cd and C^. CQ was c a lc u la te d  from 




























T7TT 3 .0  4 .0
DEPTH OF PLANTING (Cd ) ,  f e e t
. L eng th  o f  f i r s t - y e a r  sh o o t (h^-C Q) i n  th e  1961 
p l a n t a t i o n  a s  r e l a t e d  t o  Cd and C^. Shoot h e ig h t 

















1 .3 3  2 .0  3 . 0  4 .0  5 .0
DEPTH OF PLANTING ( C j ) , f e e t
F ig u re  24 . F i r s t - y e a r  t r e e  h e ig h t  (h-^) in  th e  1961 p la n ta t io n
a s  r e l a t e d  t o  Cj and C^. T ree  h e ig h t  was c a lc u la te d  








HEIGHT OF LIVE CUTTING (CQ) , f e e t
F ig u re  2 5 . F i r s t - y e a r  t r e e  h e ig h t  (h^) in  th e  1961 p l a n t a t i o n  a s  
r e l a t e d  to  h e ig h t  o f  l iv e  c u t t in g  (CQ) . T ree  h e ig h t  
was c a lc u la te d  from  r e g r e s s io n  e q u a tio n  7 .
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betw een h^ and Cq , and Cj and a r e  p re s e n te d  d ia g ra m m a tic a lly  in  
F ig u re  2 6 .
F i r s t - y e a r  t r e e  h e ig h t  in  th e  1961 p l a n t a t i o n  was d i r e c t l y  r e l a t e d  
to  Cq (F ig u re  2 5 ) ,  and th e  t a l l e s t  t r e e s  grew from  c u t t in g s  w ith
5 .0 0  o r  3 .5 0  f e e t ,  e s p e c ia l l y  from  th o s e  p la n te d  1 .3 5 , 2 .0 0 ,  and 3 .0 0  
f e e t  deep  (F ig u re  2 4 ) .  Y e t, c o n s id e r in g  a  h ig h  p e rc e n ta g e  o f
o
m o r t a l i t y  (T ab le  2 ) and a  n o ta b le  d ie b a c k  (a b o u t 35 p e rc e n t  o f  C^) in  
th e s e  c u t t i n g s  (F ig u re  2 2 ) ,  th e  a p p l i c a t i o n  o f  th e s e  tr e a tm e n ts  in  
e s t a b l i s h i n g  com m ercial p l a n ta t io n s  w ould be  r a t h e r  u n d e s i r a b le .  C u t­
t i n g s  p la n te d  3 f e e t  deep w ith  = 2 .0 0  f e e t ,  a l th o u g h  n o t  grow ing th e  
b e s t  d u r in g  th e  f i r s t  y e a r ,  s u rv iv e d  b e t t e r  (T ab le  2 ) and grew  t a l l e r  
th a n  c u t t i n g s  p la n te d  by th e  s ta n d a rd  m ethod .
The s i g n i f i c a n t  r e l a t i o n s h ip  betw een  f i r s t - y e a r  s u r v iv a l  and s o i l  
p r o p e r t i e s  a s  e x p re sse d  by in  th e  1961 p l a n t a t i o n  le d  th e  a u th o r  to  
assum e t h a t  n o t  o n ly  s u r v iv a l  b u t a l s o  t r e e  g row th  would be im proved 
th ro u g h  m ix ing  th e  s t r a t a  o f  d i f f e r e n t  s o i l  t e x t u r e  w i th in  a  3 - f o o t
e
p r o f i l e  by deep  c u l t i v a t i o n .
The r e s u l t s  o f  a n a ly s is  o f  v a r ia n c e  o f  f i r s t - y e a r  t r e e .h e i g h t  in  
th e  1962 p l a n t a t i o n  (T ab le  47) showed t h a t  th e  e f f e c t s  o f  m ix ing  th e  
s o i l  i n  3 - fo o t-d e e p  and 1 4 - in c h -d ia m e te r  h o le s  (T rea tm en t Q) and 
le n g th  o f  c u t t i n g  above th e  ground (C^) w ere  s i g n i f i c a n t  a t  th e  0 .0 1  
p r o b a b i l i t y  l e v e l  even  a f t e r  rem oving th e  v a r i a t i o n  in  t r e e  h e ig h t  due
o
t o  c o v a r i a t e  (sq u a re  o f  m id -d iam e te r o f  c u t t i n g )  w hich  was a ls o  
s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .  U nder th e  same c o n d it io n  
th e  e f f e c t  o f  f e r t i l i z e r  (T reatm en t E) was s i g n i f i c a n t  a t  th e  0 .0 1  












-M .«  3 .5 0
— I. 
5 .0 05 .0 0 4 .0 01 .33 2 .00
Cd , f e e t
3 .0 0
F ig u re  2 6 . R e la t io n s h ip s  betw een  hj  ̂ and CQ, and and in  th e  
1961 p l a n t a t i o n .
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s i g n i f i c a n t  a t  th e  0 .0 5  p r o b a b i l i t y  l e v e l .  None o f  th e  t r e a tm e n t  i n t e r ­
a c t io n s  w ere s i g n i f i c a n t .  T h is  in d ic a te d  th a t  th e  e f f e c t s  o f  t r e a tm e n ts  
(Q, C^, and E) w ere  in d e p en d e n t one from  a n o th e r  and t h a t  th e  r e s u l t s  
o f  th e s e  e f f e c t s  w ere a d d i t i v e .  Only had a  h ig h ly  s i g n i f i c a n t  e f f e c t  
on th e  v a r i a t i o n  o f  Cq i n  th e  1962 p l a n t a t i o n  (T ab le  4 8 ) ,  w h ile  th e
o
e f f e c t s  o f  f e r t i l i z e r  (E) and th e  c o v a r ia te  Ĉ  w ere s i g n i f i c a n t  a t  
th e  0 .0 5  p r o b a b i l i t y  l e v e l .
2
S in c e  th e  e f f e c t  o f  was s i g n i f i c a n t  on b o th  Co .a n d  h ^ ,  a  
s e r i e s  o f  m u l t ip l e  r e g r e s s io n  a n a ly s e s  o f  h^ w ith  C j, C^, d ia m e te r  o f  
th e  u p p e r  end o f  c u t t i n g  C0 t> and d ia m e te r  a t  th e  b a se  o f  c u t t i n g  
(CW  a s  th e  in d e p en d e n t v a r i a b le s  was made in  a t te m p t to  d e te rm in e  
th e  optimum d ia m e te r  o f  c u t t i n g .
A v e ry  s l i g h t  b u t s t a t i s t i c a l l y  s i g n i f i c a n t  q u a d r a t ic  e f f e c t  o f  
th e  d ia m e te r  a t  th e  b a se  o f  c u t t i n g  0^ )  on was d is c o v e re d  
(E q u a tio n  8 ) .  M oreover, a s  re v e a le d  by r e g r e s s io n  e q u a tio n  9 th e r e  i s  
a l s o  a  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  o f  a  c u t t i n g 's  u p p e r-e n d  d i a ­
m e te r  (C0 t ) on h ^ . Even though  th e  v a r i a t i o n  in  h^ was e x p la in e d
2 2 o n ly  s l i g h t l y  by th e  v a r i a t i o n s  i n  00^ ( r  = 0 .0 6 )  and C0 fc)  ( r  = 0 .0 9 ) ,
ig n o r in g  th e s e  e f f e c t s  would be  h a z a rd o u s . S in ce  h^ in c r e a s e d  d i r e c t l y
w ith  C0 t , t h i s  in d ic a te d  t h a t  good c u t t i n g  form  was a l s o  c o n t r ib u t in g
to  f i r s t - y e a r  t r e e  g row th . A lth o u g h  in  f i e l d  p r a c t i c e  i t  i s  d i f f i c u l t
t o  c o n s id e r  such  d e t a i l ,  m easu rin g  d ia m e te rs  o f  a  c u t t i n g  a t  b o th
ends i s  a  n e c e s s a ry  p ro c e d u re  in  m aking a  progeny t e s t .
By s o lv in g  th e  f i r s t  d e r iv a t iv e  o f  e q u a tio n  8 u n d e r th e  c o n d i t io n  
( h ^ ) ' = f ' ( C 0^ )  = 0 ,  I  found t h a t  th e  d ia m e te r  a t  th e  b a se  o f  a
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c u t t i n g  i s  optimum when i t  e q u a ls  1 .0 4  in c h e s .  The r e l a t i o n s h ip  o f  
t o  C0b i s  shown in  F ig u re  27 .
L e a s t- s q u a re s  means o f  f i r s t - y e a r  t r e e  h e ig h t  by t r e a tm e n t com­
b in a t io n  in  th e  1962 p la n ta t io n  a r e  g iv e n  i n  T ab le  19. D ata in  t h i s  
t a b l e  r e v e a l  t h a t  th e  combined e f f e c t  o f  any  p a i r  (Q and Cd , Q and Cb ,
Gd and Cb ) o f  tre a tm e n ts  was g r e a t e r  th a n  th e  e f f e c t  o f  a h ig h e r  l e v e l  
o f  e ach  s in g le  t re a tm e n t s e p a r a te ly .  The e f f e c t s  o f  f e r t i l i z e r  l e v e l s  
on h-  ̂ w ere o p p o s ite  t o  th o s e  on s u r v iv a l  (T ab le  8 ) .  H e ig h t grow th was 
im proved by (P+N) t r e a tm e n t ,  w h ile  P t r e a tm e n t  a lo n e  p roduced  a r a t h e r  
d e p re s s in g  e f f e c t  on f i r s t - y e a r  h e ig h t  g ro w th . On th e  o th e r  hand, 
f i r s t - y e a r  s u r v iv a l ,  e s p e c i a l l y  o f  c u t t i n g s  p la n te d  1 .3 3  f e e t  deep i n  
c u l t i v a t e d  s o i l  (Q t r e a tm e n t) ,  was s u p p re s s e d  by (P+N) t r e a tm e n t .
The com plete  m o r t a l i t y  o f  c u t t i n g s  p la n te d  by some o f  th e  t r e a tm e n t  
co m b in a tio n s  ( c o n t r o l  t re a tm e n t in c lu d e d )  i n  th e  1963 p l a n t a t i o n  d id  
n o t  a llo w  a n a ly s i s  o f  v a r ia n c e  o f  f i r s t - y e a r  h e ig h t  grow th  t h a t  y e a r .
I n  s p i t e  o f  t h i s ,  some in fo rm a tio n  a b o u t th e  g row th  v a r i a t i o n  was 
o b ta in e d  by a n a ly z in g  av erag e  t r e e  h e ig h t  (h-^) by t r e a tm e n t  on s i t e  
and C2 (T ab les 20  and 2 1 ) . P l o t t i n g  g ro w th  d a ta  from  th e s e  t a b le s  
a g a in s t  c o rre sp o n d in g  s u r v iv a l  p e rc e n ta g e s  from  T ab le  9 and 10 a s  th e  
in d e p en d e n t v a r i a b le s  (F ig u re  28 ) i n d ic a te d  t h a t  a v e ra g e  t r e e  h e ig h t  by 
t r e a tm e n t  i s  r e l a t e d  to  s u r v iv a l  p e rc e n ta g e  by t r e a tm e n t on b o th  s i t e s .  
The in h e r e n t ly  m o is t s i t e  C£ c o n se rv e d  v i t a l i t y  o f  c u t t in g s  b e t t e r  th a n  
th e  d ry  s i t e  C^. T hus, b o th  s u r v iv a l  and g ro w th  on s i t e  C£ were i n  a l l  
t r e a tm e n ts  c o rre sp o n d in g ly  b e t t e r  th a n  on s i t e  C^. The r e s u l t  o f  a 







In c h e s
0 .5
C e n tim e te rs
1 2 3 4 5
CUTTING DIAMETER (C0 j j ) ,  c e n tim e te rs  and In c h e s
F ig u re  2 7 . F i r s t - y e a r  t r e e  h e ig h t  (h ^ )  i n  th e  1962 p l a n t a t i o n  a s  
r e l a t e d  to  d ia m e te r  a t  th e  b a se  o f  c u t t in g  (C0j j ) . T ree  
h e ig h t  was c a lc u la te d  from  r e g r e s s io n  e q u a tio n  8 .
T ab le  19 . L e a s t- s q u a re s  means o f  f i r s t - y e a r  t r e e  h e ig h t  by tre a tm e n t  co m b in a tio n s  on a l l  
th r e e  s i t e s  i n  th e  1962 p l a n t a t i o n
_  ~  Cdj f e e t  -  - 1 1 o sr f e e t  -  - F e r t i l i z e r  —̂





“  Q 6 .7 3 7 .1 0 6 .6 0 7 .23 6 .5 3 6 .5 2  7 .6 9
>
0. u +  Q 7 .1 3 7 .6 7 7 .2 1 7 .5 9 7 .28 7 .0 7  7 .85
<Ua 0a
Ch= 0 .33 f t 6 .6 0 7 .2 1 6 .8 6 6 .4 3  7 .42




None 6 .8 6 6 .9 5
•HH*44J
P 6 .5 5 7 .0 4
0a)to P+N 7 .3 7 8 .1 7
a /  P d e n o te s  s u p e rp h o sp h a te , and P+N d e n o te s  su p e rp h o sp h a te  +  ammonium n i t r a t e .
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T ab le  20 . F i r s t - y e a r  h e ig h t  g row th  by t r e a tm e n ts  on s i t e  i n  th e  
1963 p l a n t a t i o n
R/’W 1 t* rofl ■hmr»r»f‘ 1 .3 3
> f e e t  -  -  •
3 .0 0
0 .33
-  , f e e t  -  
2 .0 0 3 .66 0 .3 3
-  C^, f e e t  -
3 .66
-B -M -Q 0 0 0 2 .0 0 3 .5 0 0
-B -M +Q 0 5 .0 0 0 3 .5 0 4 .0 3 5 .0 2
-B +M -Q 0 3 .8 0 5 .0 0 0 2 .0 0 4 .5 0
-B +M +Q 1 .0 0 2 .7 5 2 .5 0 3 .27 4 .97 5 .0 0
+B -M -Q 4 .5 0 9 .5 0 9 .0 0 0 4 .0 5 5 .4 5
+B -M +Q 0 6 .8 0 6 .4 2 7 .1 0 5 .2 7 7 .2 0
+B -+M -Q 5 .2 5 7 .4 0 4 .7 0 4 .5 0 8 .8 3 9 .5 0
+B +M +Q 0 4 .3 2 6 .8 7 5 .8 7 6 .4 7 6 .4 2
+B -M a/ 7 .3 4 6 .7 0 . . . . 5 .0 4 6 .8 1
+B +M 5 .0 9 6 .0 3 - - - - 7 .18 6 .9 3
+B -Q — _  _ 8 .1 0 5 .4 1 _ - — 6 .9 2 7 .4 7
+B +Q ------ 5 .3 1 6 .6 4 - - - - 5 .7 9 6 .7 4
+B 5 .9 5 6 .3 1 6 .06 6 .8 8
ay — __ D enotes no means a v a i l a b l e  b ecau se  o f  s e v e r a l  t r e a tm e n ts  w ith  
z e ro  g row th .
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Table 21. First-year height growth by treatments on site Cn in the
1963 plantation
S o i l  t r e a tm e n t 1 .33 3 .0 0
0 .3 3
C^, f e e t  
2 .0 0 3 .6 6
-  -  -  -  Ch , f e e t  -  -  -  -  
0 .3 3  2 .0 0  3 .6 6
-  -  - - - -  -  -  - -  -  -  F e e t
-B -M -Q 0 6 .5 0 6 .2 5 5 .7 3 7 .0 0 8 .5 0
-B -M +Q 5 .0 0 5 .7 5 4 .7 5 7 .2 0 5 .0 0  * 6 .5 0
-B +M -Q 5 .6 7 6 .3 3 6 .5 0 5 .2 5 7 .3 3 5 .2 5
-B ■m 7 .1 7 5 .7 5 7 .5 0 7 .3 3 7 .3 7 8 .0 0
+B -M -Q 8 .7 5 9 .0 0 7 .6 7 6 .0 0 8 .0 0 4 .0 0
+B -M +Q 0 9 .0 0 8 .2 5 8 .3 3 9 .5 0 8 .0 0
+B +M -Q 5 .5 0 8 .1 7 9 .66 8 .8 3 1 3 .5 0 1 1 .5 0
+B +M 11 .0 0 7 .0 0 6 .5 0 7 .7 5 7 .5 0 8 .7 5
-B -M ____ a / 6 .2 0 5 .5 0 6 .5 7 5 .6 7 7 .3 0
-B ------ 6 .1 0 7 .0 0 6 .5 0 7 .3 5 6 .9 0
+B -H ------ 9 .0 0 8 .0 0 7 .75 8 .8 5 7 .0 0
+B 4M 7 .8 7 8 .4 0 8 .4 0 1 0 .5 0 9 .3 0
-B -Q ------ 6 .4 1 6 .4 0 5 .5 4 7 .2 5 6 .8 8
-B +Q ------ 5 .7 5 6 .4 0 7 .25 6 .5 8 7 .16
+B -Q ------ 8 .3 7 8 .5 8 8 .1 2 1 0 .2 0 7 .7 5
+B +Q ------ 8 .0 0 7 .66 8 .1 0 8 .9 1 8 .4 2
-M -Q ------- 7 .0 0 7 .1 0 5 .8 0 7 .7 5 7 .0 0
-M +Q ------- 6 .8 3 7 .0 8 7 .6 8 8 .0 0 7 .1 6
+M -Q 7 .25 8 .0 8 7 .4 0 9 .8 0 7 .3 3
-fM ■iQ 6 .1 7 7 .1 7 7 .5 0 7 .4 1 8 .42
-B ------- 6 .1 5 6 .3 5 6 .5 4 6 .8 5 7 .1 0
+B ------- 8 .2 5 8 .1 6 8 .1 1 9 .4 5 8 .2 7
-H . . . . 7 .0 0 7 .0 9 7 .0 0 7 .9 0 7 .1 1
-fM ------- 6 .8 8 7 .6 3 7 .45 8 .5 0 8 .1 0
-Q ------- 7 .1 5 7 .6 3 6 .6 8 8 .8 8 7 .1 6
+Q — 6 .5 0 7 .0 9 7 .6 0 7 .7 0 7 .8 8
O v e ra l l ------- 6 .9 0 7 .38 7 .2 1 8 .2 1 7 .6 5
a / D enotes no means a v a i l a b le  b ecau se  
g ro w th .






















SURVIVAL, p e rc e n t
806020
F ig u re  2 8 . R e la t io n s h ip  betw een f i r s t - y e a r  t r e e  h e ig h t  (h ^ ) and 
s u r v iv a l  p e rc e n ta g e  (Ts ) by tre a tm e n t co m b in a tio n  i n  
th e  1963 p l a n t a t i o n .
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coded (1 o r  2 ) B - t r e a tm e n t , coded (1 o r  2 ) Q - tr e a tm e n t , and p e rc e n ta g e  
o f  s u r v iv a l  (Ts ) a s  th e  in d e p en d e n t v a r i a b le s  r e v e a le d  t h a t  t r e e  h e ig h t  
i s  d i r e c t l y  r e l a t e d  t o  s u r v iv a l  p e rc e n ta g e  r e g a r d le s s  o f  s i t e .  The 
v a r i a b l e  Ts a lo n e ,  and Ts w ith  Q and (B x  Q) i n t e r a c t i o n ,  a cco u n ted  
f o r  5 5 .4  and 6 5 .9  p e r c e n t ,  r e s p e c t i v e l y ,  o f  th e  h^ v a r i a t i o n  (E q u a tio n s  
10 and 1 1 ) . In  th e  p re se n c e  o f  Ts , t r e a tm e n t  +B was l e s s  e f f e c t i v e  
th a n  +B and +Q to g e th e r ,  w h ile  Q tre a tm e n t a lo n e  was th e  l e a s t  e f f e c ­
t i v e .
M oreover, f iv e  t r e a tm e n ts  from  s i t e  C-̂  and f i v e  t r e a tm e n ts  from  
s i t e  C2 (6 p e rc e n t  o f  th e  t r e e s  w hich  su rv iv e d  on b o th  s i t e s  t o g e t h e r ) , 
a l th o u g h  o f  low s u r v iv a l  (6 to  50 p e r c e n t ) ,  p ro duced  e x c e p t io n a l ly  t a l l  
t r e e s  (u p p e r l e f t  i n  F ig u re  2 8 ) .  A ll  th e s e  t r e e s  w ere p la n te d  i n  
m ixed s o i l  in  h o le s  w ith  bed d in g  t r e a tm e n t ,  u s in g  c u t t i n g s  w ith
2 .0 0  o r  3 .6 6  f e e t .  I n  s p i t e  o f  th e s e  e x c e p t io n s ,  mean t r e e  h e ig h t  in  
th e s e  t r e a tm e n ts  was a l s o  d i r e c t l y  r e l a t e d  t o  th e  p e rc e n ta g e  o f  t h e i r  
s u r v iv a l  (E q u a tio n  1 2 ) .
F o r a  b e t t e r  u n d e rs ta n d in g  o f  th e  e f f e c t s  o f  t r e a tm e n ts  s e v e r a l  
t r e e s  p la n te d  by d i f f e r e n t  t r e a tm e n ts  w ere e x c a v a te d  i n  o rd e r  t o  s tu d y  
t h e i r  r o o t  sy s te m s .
I n  a r o o t  system  o f a o n e -y e a r -o ld  t r e e  grown from  a c u t t i n g  p la n te d  
by  th e  s ta n d a rd  m ethod in  u n d is tu rb e d  s o i l  b u t w i th  b ed d in g  t r e a tm e n t ,  
th e  u p p e r  l a t e r a l  ro o ts  tended to  e scap e  from u n d is tu rb e d  s u r f a c e  s o i l  
i n t o  th e  bedded s o i l  and t o  l i n e  up a lo n g  th e  bed be tw een  th e  s u r fa c e  
o f  th e  u n d is tu rb e d  s o i l  and th e  bedded s o i l  (F ig u re  2 9 ) .  T hus, i f  th e  




S u rfa ce  o f bedded s o i l




F ig u re  2 9 . Root sy stem  o f  o n e -y e a r -o ld  t r e e  p la n te d  by th e  s ta n d a rd  m ethod in  sandy  loam s o i l  
w ith  bedd ing  a f t e r  p la n t in g .
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w in d , th e  t r e e s  would be e a s i l y  u p ro o te d  b ecau se  o f  th e  la c k  o f  
a n c h o rin g  r o o ts  in  th e  wind d i r e c t i o n .
The r o o t  sy stem  o f  a  tw o -y e a r-o ld  t r e e  e s t a b l i s h e d  by p l a n t in g  a  
5 - f o o t- lo n g  c u t t i n g  3 f e e t  deep  in  u n d is tu rb e d  s o i l  ex ten d e d  i n  a l l  
d i r e c t i o n s  h o r i z o n ta l l y  and i n  d e p th  (F ig u re  3 0 ) .  H ow ever, a  h a rd p a n  
la y e r  p re s e n te d  a  s e r io u s  o b s ta c le  f o r  r o o t  d ev e lo p m en t. Only a  few 
l a t e r a l  r o o ts  p a sse d  th ro u g h  t h i s  l a y e r ,  d e v e lo p in g  s p a r s e ly  d i s t r i ­
b u te d  a b s o r p t iv e  r o o t l e t s .  Some l a t e r a l  ro o ts  i n  th e  s u r f a c e  s o i l  
ex ten d ed  in  a l l  d i r e c t i o n s  more th a n  12 f e e t  away from  th e  t r e e .  A lth o u g h  
th e  l e n t i c e l s  w ith  r o o t- p r im o rd ia  w ere r i c h l y  d i s t r i b u t e d  i n  t h r e e  rows 
on th e s e  l a t e r a l  r o o t s ,  th e  a b s o r p t iv e  r o o t l e t s  w ere  s c a t t e r e d  i n  
w id e ly  s e p a ra te d  c l u s t e r s ,  in d ic a t in g  v e ry  s e l e c t i v e  r o o t  r e q u i r e ­
m ents in  r e g a rd  to  s o i l  c o n d i t io n s ,  o r  r a th e r  t h a t  o n ly  i n  c e r t a i n  
w id e ly  s c a t t e r e d  p la c e s  s o i l  c o n d itio n s  f i t  re q u ire m e n ts  f o r  d e v e lo p ­
m ent o f  r o o t l e t s .  C o n v e rse ly , th e  a b s o r p t iv e  r o o t l e t s  w ere  d ev e lo p ed  
p r o l i f i c a l l y  on a l l  l a t e r a l  r o o ts  in  th e  s o i l  s t r a tu m  b e n e a th  th e  
h a rd p a n .
The r o o t  sy stem  o f  a  o n e -y e a r -o ld  t r e e  e s t a b l i s h e d  w i th  a  5 - f o o t -  
lo n g  c u t t i n g  p la n te d  3 f e e t  deep  in  mixed s o i l  i n  a  1 4 - in c h  d ia m e te r  
h o le  showed th e  b e n e f i t  from  b re a k in g  th e  h a rd p an  (F ig u re  3 1 ) .  The 
m ixed s o i l  i n  th e  p la n t in g  h o le  was in te rw oven  w ith  c o u n t le s s  l a t e r a l  
and a b s o r p t iv e  r o o ts  o f  a l l  s i z e s .  The number o f  w e ll-d e v e lo p e d  
l a t e r a l  r o o ts  was much g r e a t e r  b e n ea th  th e  h a rd p a n  th a n  i n  th e  
s u r f a c e  s o i l .  The m ain r o o t  w ith  an  ingrown c u t t i n g  was n e a r ly  
c y l in d r i c  ( c ig a r  l i k e  fo rm ), compared w ith  a  c o n ic a l  (b e e t  l i k e  fo rm ) 
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F ig u re  3 0 . T w o -y ear-o ld  r o o t  system  o f  co ttonw ood p la n te d  w ith  5 - f o o t- lo n g  c u t t in g  
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F ig u re  31 . C e n t r a l  p a r t  o f  o n e -y e a r -o ld  r o o t  system  o f  cottonw ood 
p la n te d  w ith  5 - f o o t- lo n g  c u t t i n g  3 f e e t  deep in  th e  
s o i l  m ixed in  1 4 - in c h -d ia m e te r  and 3 - fo o t-d e e p  h o le .
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th e  low er p a r t  o f  th e  r o o t  was cau sed  by a  com pact h a rd p a n . Y et a  p o t 
e f f e c t  o f  h a rd p an  was o b se rv ed  from  an  S -shaped  r o o t  a t  th e  r i g h t  
s id e  o f  th e  p la n t in g  h o le  (F ig u re  3 1 ) .
From th e  b e h a v io r  o f  co ttonw ood r o o ts  a s  o b se rv ed  i n  th e  ex cav a ted  
r o o t  sy s te m s , i t  was in f e r r e d  t h a t ,  a l th o u g h  each  o f  th e  two m entioned  
p la n t in g  tre a tm e n ts  c o n t r ib u te d  to  a  b e t t e r  developm ent o f  a  r o o t  sy stem , 
none o f th e r e  t r e a tm e n ts  h av e  s t im u la te d  th e  f u l l  p h y s io lo g ic a l  
c a p a c i ty  o f  th e  s p e c ie s  f o r  p r o l i f i c  grow th o f  a b s o r p t iv e  r o o t s .  S in ce  
th e  developm ent o f  a b s o r p t iv e  r o o t s  was b e s t  b e n e a th  th e  h a rd p an  o r  
j u s t  above th e  h a rd p a n , th e  a u th o r  h a s  p o s tu la te d  t h a t  a  f u r t h e r  im prove­
ment in  s u r v iv a l  and t r e e  grow th may be a c h ie v e d  by in c r e a s in g  th e  
volume o f  mixed s o i l  in  th e  p la n t in g  h o le .  I f  su ch  a  t r e a tm e n t  would 
b e  a t  l e a s t  a s  e f f i c i e n t  a s  m ix in g  th e  s o i l  i n  a  9 - in c h -d ia m e te r  h o le  
p lu s  th e  b ed d in g  o f  th e  s u r f a c e  s o i l ,  i t  w i l l  re d u c e  s i t e  p r e p a r a t io n  
to  one o p e ra t io n  and  w i l l  r e s u l t  i n  th e  developm ent o f  a  r o o t  sy stem  
w hich  w i l l  g u a ra n te e  a  b e t t e r  t r e e  s u p p o r t .
A new p l a n t a t i o n  was e s t a b l i s h e d  in  1964 f o r  t e s t i n g  th e  e f f e c t s  
o f  m ix ing  th e  s o i l  i n  3 - f o o t-d e e p  p la n t in g  h o le s  o f  9 , 14 , and 18 in c h e s  
i n  d ia m e te r  on s u r v iv a l  and grow th  o f  2 0 - in c h - lo n g  c u t t in g s  p la n te d  
16 in c h e s  deep and o f  4 0 - in c h - lo n g  c u t t i n g s  p la n te d  3 f e e t  d e e p .
The r e s u l t  o f  a n a ly s i s  o f  v a r ia n c e  o f  f i r s t - y e a r  t r e e  h e ig h t  in  
th e  p l a n t a t i o n  r e v e a le d  t h a t  th e  e f f e c t s  o f  b o th  d ia m e te r  o f  p la n t in g  
h o le  and d e p th  o f  p l a n t in g  w ere  s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  
l e v e l  CTable 4 9 ) .  The means o f  h^ by  t r e a tm e n t  in  th e  p l a n t a t i o n  a r e  
shown i n  T ab le  2 2 .
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Table 22. Least-squares means of first-year tree height in the 1964
plantation
T o ta l
c u t t i n g
le n g th
D epth o f 




s e c t io n  o f  3 - f o o t-d e e p  p la n t in g  h o le
------- -------- S quare  in c h e s - ------------- — —
6 4 .0" ' 1 3 4 . 0  2 5 4 .0
In c h e s ree l.
20 1 .3 3 4 .8 4 5 .3 9  5 .5 2 5 .7 1
40 3 .0 0 6 .2 8 7 .0 1  7 .9 0 8 .3 9
T w en ty -in ch -lo n g  c u t t in g s  p la n te d  16 in c h e s  deep  d id  n o t respond  
t o  m ix ing  th e  s o i l  i n  3 - fo o t-d e e p  h o le s  o f  e i t h e r  9 - ,  1 4 - ,  o r  18-
in c h  d ia m e te r ,  b u t 4 0 - in c h - lo n g  c u t t in g s  p la n te d  36 in c h e s  deep  i n ­
c re a s e d  th e  g row th  p r o p o r t io n a l ly  t o  th e  c ro s s  s e c t io n  o f  th e  p la n t in g
h o le  (E q u a tio n s  13 and 14; F ig u re  3 2 ) .
The e x p e r im e n ta l  cottonw ood p l a n t a t i o n s  o f  th e  1961, 1962, 1963, 
and 1964 y e a r s  w ere e s t a b l i s h e d  u s in g  p la n t in g  s to c k  w hich  o r ig in a te d  
from  L o u is ia n a . However, among th e  c u t t i n g s  o b ta in e d  f o r  th e  1963 
p l a n t a t i o n  some c u t t in g s  w ere found w ith  s t r i k i n g l y  d i f f e r e n t  m orpho­
l o g i c a l  c h a r a c t e r i s t i c s  from  th o s e  commonly o b se rv ed  i n  n a t iv e  c o t to n ­
wood. A lthough  such  c u t t in g s  ( P la te  10) w ere  e l im in a te d  from  th e  
p la n t in g  s to c k ,  n e v e r th e le s s  a  p r o b a b i l i t y  o f  u s in g  some pheno types 
w hich  co u ld  n o t  be o p t i c a l l y  re c o g n iz e d  was n o t  c o m p le te ly  e x c lu d e d .
As a m a t te r  o f  f a c t ,  some v a r i a t i o n  i n  s u r v iv a l  and t r e e  g row th  i n  th e  
e x p e r im e n ta l  p la n ta t io n s  was im p o s s ib le  t o  e x p la i n ,  e i t h e r  by th e  e f f e c t  
o f  p la n t in g  t r e a tm e n ts  o r  by th e  v a r i a t i o n  i n  p h y s ic a l  p r o p e r t i e s  o f  
s o i l .  For d e te rm in in g  th e  e f f e c t  o f  g e n e t i c  v a r i a t i o n  in  p la n t in g
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254 
s q . in c h e s
32. F i r s t - y e a r  t r e e  h e ig h t  ( h , )  in  th e  1964 p l a n t a t i o n  a s  
r e l a t e d  to  c ro s s  s e c t io n  0% ) 3 - fo o t-d e e p  p la n t in g  
h o le .  S o lid  l in e  i s  fo r  4 0 - in c h - lo n g  c u t t in g s  p la n te d  
3 f e e t  d eep , and dashed  l i n e  i s  f o r  2 0 - in c h - lo n g  
c u t t in g s  p la n te d  1 .33  f e e t  d e e p .
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s to c k  on th e  v a r i a t i o n  in  grow th  o f  t r e e s  i n  p l a n t a t i o n s , th e  1968 
p l a n t a t i o n  was e s t a b l i s h e d .
T hree  d i f f e r e n t  e x o t ic  p o p la r  c lo n e s ,  w ith  n a t iv e  cottonw ood as 
th e  c o n tr o l ,w e r e  u sed  f o r  t e s t i n g  th e  e f f e c t  o f  c lo n e  on grow th and 
form  o f  t r e e s  u n d e r u n ifo rm  c o n d i t io n s  o f  s o i l  and c u l t u r a l  t r e a tm e n ts .  
The r e s u l t s  o f  a n a ly s e s  o f  v a r ia n c e  o f  f i r s t - y e a r  t r e e  h e ig h t ,  d ia m e te r  
a t  th e  b a se  o f  t r e e ,  and t r e e  d ia m e te rs  a t  40 and 80 in c h e s  above th e  
b a se  showed t h a t  th e  e f f e c t  o f  c lo n e  on th e s e  fo u r  dependen t v a r i a b le s  
was h ig h ly  s i g n i f i c a n t  even  a f t e r  rem oving th e  e f f e c t  o f  d ia m e te r  a t  
th e  u p p e r end o f  c u t t i n g ,  w hich was a l s o  s i g n i f i c a n t  a t  th e  0 .0 1  
p r o b a b i l i t y  l e v e l  (T ab le s  5 0 , 5 1 , 5 2 , and 5 3 ) .  L e a s t- s q u a re s  means 
o f  f i r s t - y e a r  t r e e  h e ig h t  and th e  d ia m e te rs  by c lo n e  a r e  shown in  
T ab le  2 3 .
T a b le  2 3 . L e a s t - s q u a re s  means o f  f i r s t - y e a r  t r e e  h e ig h t  and
d ia m e te r s  a t  t r e e  b a s e ,  a t  40 in c h e s ,  and a t  80 in c h e s  
above th e  b ase  o f  fo u r  p o p la r  c lo n e s  in  th e  1968 
p l a n t a t i o n
C lone Tree Base Diameter Diameterh eigh t diam eter a t 40 in .  a t 80 in .
£ •  d e lto id e s
c l . 'M is s is s ip p i1
P. x  euramericana 
c l .  '1 - 4 8 8 1
P. x euramericana 
c l .  'B elg ia n '
P. x euramericana 




















The r e la t io n s h ip  be tw een  h^ and C^  by c lo n e  i s  p re s e n te d  d ia -  
g ra m m a tic a lly  in  F ig u re  33 w here  t r e e  h e ig h ts  f o r  each  c lo n e  w ere  c a lc u ­
l a t e d  from  th e  r e g r e s s io n  e q u a t io n s  15 , 16, 17 and 18.
An optimum d ia m e te r  o f  c u t t i n g  was p o s s ib le  to  c a l c u l a t e  on ly  
f o r  th e  'B e lg ia n ' c lo n e ,  and i t  was 0 .9 2 8  in c h  (E q u a tio n  1 7 ) .  The 
ra n g e  i n  d ia m e te rs  was p ro b a b ly  to o  s m a ll f o r  th e  o th e r  th r e e  c lo n e s .  
T h e re fo re  no e f f e c t s  o f  e i t h e r  l a r g e r  d ia m e te rs  in  c lo n e  '1 -2 1 4 ' and 
'1 -4 8 8 ' o r  o f  a s m a lle r  d ia m e te r  i n  c lo n e  'M i s s i s s i p p i '  w ere  d e te c ­
t a b l e  (F ig u re  3 3 ) .
The r e s u l t s  o f  f iv e  y e a r s ' t e s t s  o f  th e  e f f e c t s  o f  v a r io u s  
p la n t in g  tre a tm e n ts  have  in d ic a te d  th e  f e a s i b i l i t y  o f  f i r s t - y e a r  
h e ig h t-g ro w th  im provem ent o f  co tto n w o o d .
Among th e  20 t r e a tm e n t  c o m b in a tio n s  t r i e d  in  th e  1961 p la n ta t io n  
two tre a tm e n t co m b in a tio n s  r e s u l t e d  i n  f i r s t - y e a r  grow th  im provem ent 
from  40 to  50 p e r c e n t ,  and a n o th e r  t e n  tr e a tm e n t  co m b in a tio n s  im proved 
th e  grow th from 20 to  40 p e r c e n t  o v e r  t h a t  a t t a i n e d  from  p la n t in g  
c u t t in g s  by th e  s ta n d a rd  m ethod (T ab le  18 , F ig u r e  2 4 ) .
In  th e  1962 p l a n t a t i o n  each  co m b in a tio n  o f  th e  two h ig h e s t  ra n k in g  
t r e a tm e n ts  such a s  +Q and = 3 .0  f e e t ,  +Q and = 2 .0  f e e t ,  +Q and 
(P+N), = 3 .0  f e e t  and = 2 .0  f e e t ,  and = 3 .0  f e e t  and (P+N)
r e s u l t e d  in  h e ig h t  grow th  from  115 to  120 p e rc e n t  o f  t h a t  a t t a in e d  by 
c u t t in g s  p la n te d  by th e  s ta n d a rd  m ethod (T ab le  1 9 ) .
I n  th e  1963 p l a n t a t i o n ,  w here  none o f  th e  c u t t in g s  p la n te d  by th e  
s ta n d a rd  method su rv iv e d  b e c a u se  o f  s e v e re  d ro u g h t d u r in g  th e  growing 
s e a s o n , c u t t in g s  w ith  = 3 .6 6  f e e t  p la n te d  3 f e e t  deep in  th e  s o i l
0 .4  0 .6  0 .8  1 .0  1 .2  1 .4
CUTTING DIAMETER (C0 t ) ,  In ch es
F ig u re  33 . F i r s t - y e a r  t r e e  h e ig h ts  o f  f o u r  ( I - IV )  p o p la r  c lo n e s  in
th e  1968 p l a n t a t i o n  a s  r e l a t e d  t o  to p  d ia m e te r  o f  c u t t in g  
(C0 t ) .  W here;
I  -  P opu lus d e l to id e s  c l .  'M i s s i s s i p p i '
I I  -  "  x e u ra m e ric a n a  c l .  '1 -4 8 8 '
I I I  -  "  x e u ra m e ric a n a  c l .  'B e lg ia n '
IV -  "  x e u ra m e ric a n a  c l .  '1 -2 1 4 '
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r e c e iv in g  +B, +M, and +Q t re a tm e n ts  to g e th e r  s u rv iv e d  61 and 100 p e r ­
c e n t ,  and t h e i r  t r e e s  av erag ed  6 .4  and 8 .7  f e e t  i n  h e ig h t  on s i t e s  
and C2 , r e s p e c t iv e ly .
I n  th e  1964 p l a n t a t i o n  f i r s t - y e a r  h e ig h t  o f  t r e e s  from  4 0 - in c h -  
lo n g  c u t t in g s  p la n te d  i n  m ixed s o i l  in  h o le s  3 f e e t  deep  and 18 in c h e s  
in  d ia m e te r  was e q u iv a le n t  to  173 p e rc e n t  o f  t r e e  h e ig h t  a t t a i n e d  by 
c u t t in g s  p la n te d  by th e  s ta n d a rd  m ethod (T ab le  2 2 ) .
M oreover, p la n t in g  c u t t in g s  o f  an optimum d ia m e te r  r e s u l t e d  in  
g row th  im provem ent o f  ab o u t 20  p e rc e n t  above th e  a v e ra g e  h e ig h t  o f  
t r e e s  e s t a b l i s h e d  u s in g  c u t t in g s  o f  random d ia m e te r .  T h is  r e s u l t  was 
found i n  th e  1962 p l a n t a t i o n  (F ig u re  27) and su p p o rte d  by f in d in g s  from  
th e  1968 p l a n t a t i o n  (F ig u re  3 3 ) .
A f te r  two y e a r s  o f  grow th  th e  d i f f e r e n c e s  (ex p ressed  i n  p e rc e n t  o f  
th e  " s ta n d a rd " )  among av e rag e  h e ig h ts  by t r e a tm e n ts  i n  th e  1961 p l a n t a ­
t i o n  d im in ish e d  n o ta b ly .  I n  th e  second y e a r  o n ly  fo u r  o f  20 t r e a tm e n ts ,  
in s te a d  o f  12 o f  20 t r e a tm e n ts  i n  th e  f i r s t  y e a r ,  r e s u l t e d  in  
t r e e  h e ig h t  a v e ra g e s  e q u iv a le n t  to  110 t o  125 p e rc e n t  o f  th e  h e ig h t  
a t t a i n e d  by t r e e s  p la n te d  by th e  s ta n d a rd  m ethod . However, th e  b e s t  
two tr e a tm e n ts  (Cd 1 .33  f t  5 .0  f t  and C j 2 .0  f t  5 .0  f t )  i n  th e  
f i r s t  y e a r  a l s o  c o n tin u e d  to  be th e  b e s t  a f t e r  two y e a r s  (T ab le  2 4 ) .
The d im in u tio n  o f  b o th  th e  d i f f e r e n c e  i n  h e ig h t  and i n  th e  number o f  
t r e a tm e n ts  h a v in g  an a v e rag e  above 110 p e rc e n t  o f  t r e e  h e ig h t  i n  th e  
s ta n d a rd  tr e a tm e n t  d id  n o t  s ig n i f y  a co m p le te  lo s s  o f  g row th  p o t e n t i a l  
i n  th o s e  e ig h t  t r e a tm e n ts  w hich  d id  n o t c o n tin u e  t o  be among th e  b e s t  
i n  h e ig h t  by th e  end o f th e  second y e a r .
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Table 24. Least-squares means of two-year tree height by treatment
in the 1961 plantation
D epth  o f  
p la n t in g
(Cd ) 0 .3 3 2 . 0 0




F e e t
1 .33 14 .16 16 .09 14 .21 17.62
2 . 0 0 14 .33 14 .31 15 .45 16 .14
3 .0 0 12.46 15 .37 14 .57 14.52
4 .0 0 15 .4 0 15.12 14 .69 15 .78
5 .0 0 14 .77 14 .81 . 15.32 14 .57
W ith  th e  a p p ea ra n ce  o f m easu rab le  dbh d u r in g  th e  second y e a r  th e  
grow th  p o t e n t i a l  became d i s t i n c t l y  d i s t r i b u t e d  betw een  in c rem en t in  
h e ig h t  and in c re m en t i n  d ia m e te r .  As a m a t te r  o f  f a c t ,  d u r in g  th e  f i r s t  
y e a r  a s im i l a r  g row th  p o t e n t i a l  d i s t r i b u t i o n  was found b ased  on th e  d i f f e r ­
ence  betw een  le n g th  o f  sh o o t p roduced  by c u t t i n g s  w ith  a  s h o r t  CQ and 
by c u t t i n g s  w ith  a  long  CQ (F ig u re  2 6 ) .  The g row th  p o t e n t i a l  o f  
c u t t i n g s  w ith  a  s h o r t  CQ was c o n c e n tra te d  on sh o o t e lo n g a t io n  o n ly , 
th e r e f o r e  th e  sh o o t (h e ig h t  in c re m e n t)  o f  su ch  a  c u t t i n g  was much 
lo n g e r  th a n  th e  sh o o t o f  a c u t t in g  w ith  a  lo n g  CQ, w here grow th p o t e n t i a l  
was d i s t r i b u t e d  betw een  h e ig h t  and d ia m e te r  in c re m en t s in c e  th e  b e g in ­
n in g  o f  th e  f i r s t  y e a r  o f  g ro w th .
L e a s t - s q u a re s  means o f  dbh by t r e a tm e n ts  i n  th e  1961 p la n t a t i o n  
(T ab le  25) showed t h a t  t r e a tm e n ts  w hich  w ere  no lo n g e r  among th e
<3
b e s t  i n  h e ig h t  d u r in g  th e  second y e a r  rem ained  among th e  t r e a tm e n ts
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w ith  tw o -y e a r dbh more th a n  110 p e r c e n t  o f  dbh p roduced  by th e  
s ta n d a rd  t r e a tm e n t , and dbh o f  th o s e  two t r e a tm e n ts  w hich  w ere th e  
b e s t  i n  h e ig h t  a f t e r  th e  f i r s t  y e a r  w ere e q u iv a le n t  to  129 and 155 p e r ­
c e n t  o f  tw o -y ea r dbh i n  th e  s ta n d a rd  t r e a tm e n t .
T ab le  25 . L e a s t- s q u a re s  means 
1961 p la n ta t io n
o f  tw o -y e a r  dbh by tr e a tm e n t in  th e
D epth o f  
p la n t in g
(Cd ) 0 .33 2 . 0 0 3 .5 0 5 .0 0
F e e t
1 .3 3 1 .37 1.66 1 .3 3 2 .1 3
2 . 0 0 1 .4 4 1 .5 3 1 .6 1 1 .77
3 .0 0 1.06 1 .6 3 1 .51 1 .52
4 .0 0 1 .53 1 .5 0 1 .4 7 1 .76
5 .0 0 1.45 1 .52 1 .51 1 .4 9
A n aly ses  o f  v a r ia n c e  o f  tw o -y e a r  t r e e  h e ig h t  (T ab le  54) and tw o- 
y e a r  dbh (T ab le  55) showed t h a t  b o th  th e  h e ig h t  and dbh w ere s i g n i f i ­
c a n t l y  dependen t on C^, hence a l s o  on CQ. But th e  se c o n d -y e a r  h e ig h t  
in c re m en t was s i g n i f i c a n t l y  ( a t  th e  0 . 01  p r o b a b i l i t y  l e v e l )  dep en d en t 
on p la n t in g  d e p th  (Cd) ,  showing t h a t  g row th  p o t e n t i a l  a f t e r  th e  f i r s t  
y e a r  depends on s o i l  c o n d i t io n s  (T ab le  5 6 ) .
By com paring F v a lu e s  f o r  s ig n i f i c a n c e  o f b lo c k  e f f e c t s  on h i  and 
h£ (T a b le s  46 and 54) and on ( h i  -  CQ) and (h2 - h i )  (T ab le s  45 and 56), 
w here r e s p e c t iv e  F v a lu e s  in c r e a s e  w ith  a g e ,  I  deduced  t h a t  a 
t r e n d  tow ard  d i f f e r e n t i a t i o n  i n  b o th  h e ig h t  and h e ig h t  in c re m en t w ith
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age was apparent.
The r e s u l t  o f  r e g r e s s io n  a n a ly s i s  o f  a s  a  fu n c t io n  o f  and 
(E q u a tio n  19) in d ic a te d  t h a t  v a r i a t i o n  i n  th e s e  two in d e p e n d e n t 
v a r i a b l e s  acco u n ted  f o r  72 p e rc e n t  o f  th e  v a r i a t i o n  i n  h g , w h ile  th e  
in d e p e n d e n t v a r i a b l e  h^ a lo n e  e x p la in e d  70 p e r c e n t  o f  th e  v a r i a t i o n  in  
hg (E q u a tio n  2 0 ) .  Only 37 p e rc e n t  o f  th e  v a r i a t i o n  i n  se c o n d -y e a r  
h e ig h t  increment (hg “ h ^ )  was e x p la in e d  by th e  v a r i a t i o n  i n  ĥ , and 
Cd (E q u a tio n  21) and 33 p e r c e n t  by th e  v a r i a t i o n  in  h^ a lo n e  (E q u a tio n
2 2 ) .  The a u th o r  co n c lu d ed  t h a t  s e c o n d -y e a r  h e ig h t  in c re m e n t was much 
more d ep en d en t on th e  c a p a c i ty  o f  a  o n e -y e a r -o ld  t r e e  i t s e l f  to  o b ta in  
e v e ry th in g  n e c e s s a ry  f o r  grow th from  th e  s o i l  th a n  on th e  v a r i a t i o n  o f  
s o i l  f a c to r s  w i th in  th e  u n d is tu rb e d  s o i l  p r o f i l e  o f  th e  p l a n t in g  
d e p th .  M oreover, a b o u t 63 p e rc e n t  o f  th e  v a r i a t i o n  i n  s e c o n d -y e a r  
h e ig h t  in c rem en t was d ep en d en t on u n d e ten n in ed  f a c t o r s .
A n a ly ses  o f  v a r ia n c e  o f  tw o -y e a r t r e e  h e ig h t  and dbh i n  th e  1962
p l a n t a t i o n  (T ab les  57 and 58) showed t h a t  th e  e f f e c t s  o f  f e r t i l i z e r
(E t r e a tm e n t)  and o f  w ere  e q u a l ly  a s  s i g n i f i c a n t  (0 .0 1  p r o b a b i l i t y
l e v e l )  a f t e r  two y e a r s ,  a s  th e y  w ere i n  th e  f i r s t  y e a r  (T ab le  4 7 ) .
The s ig n i f i c a n c e  o f  th e  e f f e c t  o f  in c re a s e d  from  th e  0 .0 5  p r o b a b i l i t y
l e v e l  i n  th e  f i r s t  y e a r  to  th e  0 .01  p r o b a b i l i t y  l e v e l  a f t e r  two y e a r s .
A lth o u g h  th e  s ig n i f i c a n c e  o f  m ix ing  th e  s o i l  i n  th e  p l a n t in g  h o le
( t r e a tm e n t  Q) on hg d e c re a se d  s l i g h t l y  below  th e  0 .0 5  p r o b a b i l i t y  l e v e l
(F = 3 .6 9  v e rs u s  t a b u la te d  F = 3 .8 6  w ith  341 d . f . ) ,  th e  e f f e c t  o f  Q on
dbhg was s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .  The s i g n i f i c a n c e  
2
o f  c o v a r ia te  C^ d e c re a se d  from  0 .0 1  in  th e  f i r s t  y e a r  to  0 .0 5  
p r o b a b i l i t y  i n  th e  second  y e a r .
2 0 0
C o n s id e r in g  th e  s ig n i f i c a n c e  o f  and  C^, and o f  th e  c o v a r ia te
2
Cw on h , and h„ and on dbh0 , th e  a u th o r  co n c lu d ed  t h a t  s i z e  o f  0 1 2  2 ’
2
p la n t in g  s to c k  in  b o th  le n g th  (C^ + C^) and c ro s s  s e c t io n  (C0  ) i s  
o f  m ajo r im p o rtan ce  f o r  a c h ie v in g  good grow th o f  t r e e s  i n  h e ig h t  
and d ia m e te r .
L e a s t- s q u a re s  means o f  hg and dbhg (T ab le s  26 and 27) i n  th e  
1962 p l a n t a t i o n  su p p o rte d  t h i s  c o n c lu s io n . The a d d i t i v e  p a t t e r n  o f  
th e  e f f e c t s  o f  v a r io u s  t r e a tm e n t  co m b in a tio n s  rem ained  th e  same 
a f t e r  two y e a r s  a s  i t  was i n  th e  f i r s t  y e a r .
The e f f e c t s  o f  h ig h  l e v e l  t re a tm e n t c o m b in a tio n s  on d e c re a se d  
s l i g h t l y  when com pared w i th  th e  e f f e c t s  on h^ O teb le  1 9 ) , b u t  th e  
e f f e c t s  o f  th e  t r e a tm e n t  co m b in a tio n s  on dbhg w ere  much g r e a t e r  th an  
on h g , c o n f irm in g  th e  d i s t r i b u t i o n  o f  grow th p o t e n t i a l  be tw een  grow th 
in  h e ig h t  and d ia m e te r  a s  was o b serv ed  i n  th e  1961 p l a n t a t i o n .
The p o s i t i v e  e f f e c t  o f  on t r e e  grow th  was c o n s i s t e n t  in  th e  
1961 and 1962 p l a n t a t i o n s  d u r in g  th e  f i r s t  two y e a r s  (T ab les  18, 19 ,
2 4 , 2 5 , 2 6 , 2 7 , 4 5 , 4 6 , 4 7 , 4 8 , 54 , 5 5 , 57 and 5 8 ) . The p e r s i s t e n c e  o f 
e f f e c t  th ro u g h o u t th e  n e x t  f i v e  c o n s e c u tiv e  y e a r s  was ev id en ced  by 
th e  r e s u l t  o f  a  m u l t ip l e  r e g r e s s io n  a n a ly s i s  o f  h e ig h t  grow th p ro g re s s  
d u r in g  th e  f i r s t  s e v e n -y e a r  p e r io d  in  th e  1961 p l a n t a t i o n  w ith  CQ 
( th e  e f f e c t i v e  p a r t  o f  C^) and t r e e  age  a s  th e  in d e p en d e n t v a r i a b le s  
(E q u a tio n  2 3 , F ig u r e  3 4 ) .  The e f f e c t  o f  CQ i n  t h i s  r e g r e s s io n  e q u a tio n  
was s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .  H ow ever, th e  p r e d ic t io n  
o f  h e ig h t  g row th  was more a c c u r a te  u s in g  h^ in s te a d  o f  Cq a s  th e  in d e ­
p en d en t v a r i a b l e  (E q u a tio n  2 4 ) ;  th e  F v a lu e s  f o r  b - c o e f f i c i e n t s  o f
T ab le  2 6 . L e a s t- s q u a re s  means o f  tw o -y e a r t r e e  h e ig h t  by t r e a tm e n t co m b in a tio n s  on a l l  
t h r e e  s i t e s  i n  th e  1962 p l a n t a t i o n
-  -  Cd , f e e t  -
1 .3 3 3 .0 0
-  -  C^, f e e t  -  -  
0 .3 3  2 .0 0









Ch= 0.33  f t  15.76 
Ch= 2 .0 0  f t  17 .7 0
None 16 .38  










-  -  -  T ree  h e i g h t , f e e t  -  -  - 










a /  P d e n o te s  su p e rp h o sp h a te , and P+N d e n o te s  su p e rp h o sp h a te  p lu s  ammonium n i t r a t e .
T ab le  2 7 . L e a s t- s q u a re s  means o f  tw o -y e a r dbh by t r e a tm e n t co m b in a tio n s  on 
i n  th e  1962 p l a n t a t i o n
a l l  th r e e s i t e s
-  -  c d , f e e t  -  - “ - , f e e t  -  - F e r t i l i z e r a /
1 .33 3 .0 0 0 .33 2 . 0 0 None P P+N
co
•H
-  Dbh, in c h e s  -  -
CO>•H -Q




+Q 1 .81 2 . 21 1.86 2 .1 6 1.86 1 .96 2 .22
Ch= 0.33  f t 1 .5 7 1 .92 1 .62 1 .7 0 1 .92
Ch=2 . 0 0  f t 1 .93 2 .1 9 1.89 1 .9 9 2 .3 0
Hfl)•rtN
•H
None 1 .6 4 1 .87
P 1 .7 4 1.95
• r l
4J
h P+N 1.87 2 .3 4(1)




















F ig u re  3 4 . H e ig h t grow th o f  cottonw ood in  th e  1961 p la n t a t i o n  
a s  r e l a t e d  to  CQ and th e  age  o f  t r e e s .  T ree  h e ig h t  
was c a l c u la te d  from  r e g r e s s io n  e q u a tio n  23 .
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h^ w ere te n  tim es g r e a te r  (E q u a tio n  24 ) th a n  th o s e  o f  Cq (E q u a tio n
o
2 3 ) .  The d e te rm in a t io n  c o e f f i c i e n t  (R = 0 .9 1 2 ) in  th e  e q u a tio n  w ith
2h^ was a l s o  g r e a te r  th a n  i n  th e  e q u a tio n  w ith  Cq (R -  0 .8 8 8 ) .
The grow th p o t e n t i a l  o f  a  t r e e  i s  d i s t r i b u t e d  betw een  h e ig h t
and d ia m e te r ,  and th e  p ro p o r t io n  o f  t h i s  d i s t r i b u t i o n  v a r i e s  w ith
e n v iro n m e n ta l f a c to r s  and w ith  age  o f  t r e e .  T h is  can  b e  se e n  by
com paring  b - c o e f f i c i e n t s  and th e  c o rre sp o n d e n t F v a lu e s  in  th e
e q u a tio n s  2 5 , 2 6 , 2 7 , and 2 8 . A lth o u g h  hg was p r e d ic te d  from  h^
2
w ith  R = 0 .5 0 1  (E q u a tio n  2 3 ) ,  th e  b e s t  e a r ly  p r e d i c t i o n  o f  t r e e  
h e ig h t  and dbh was o b ta in e d  u s in g  h  ̂ and d b t^  a s  th e  in d ep en d en t 
v a r i a b l e s  (E q u a tio n s  3 0 , 3 1 , 3 2 , 3 3 , 3 4 , and 3 5 ) .  The r e l a t i o n s h ip s  
o f  t r e e  h e ig h t  and dbh a t  d i f f e r e n t  ag es  w ith  hg and dbhg a r e  
p re s e n te d  d ia g ra m m a tic a lly  i n  F ig u r e  35 .
A p a r t i a l  v iew  o f th e  1961 p l a n t a t i o n  a t  age s i x  i s  shown in  
P l a t e  13.
F o r  a  com parison  o f  th e  e f f e c t s  o f  p l a n t in g  tre a tm e n ts  on t r e e  
grow th in  th e  1961 p l a n t a t i o n ,  s e v e n -y e a r  h e ig h t ,  dbh , and t o t a l -  
t r e e  volum e o u ts id e  b a rk  w ere  a v e rag e d  by tre a tm e n ts  (T ab le  2 8 ) .  The 
p o in ts  o f  h e ig h t  when p l o t t e d  o v e r c o rre sp o n d in g  dbh in  a  s c a t t e r  
d iag ram  (F ig u re  36) re sem b led  a  s c a t t e r  o f  h e ig h t-o v e r -d b h  p o in ts  o f  
in d iv id u a l  t r e e s  in  a  s ta n d .  By an  a n a lo g y  to  s i l v i c u l t u r a l  crow n- 
c l a s s  c l a s s i f i c a t i o n  th e  p o in t s  w h ich  a r e  d i s t r i b u t e d  above th e  mean 
h e ig h t  c o u ld  be c l a s s i f i e d  a s  b e lo n g in g  to  "dom inant and codom inan t" 
t r e a tm e n ts .  B ut ra n k in g  o f  in d iv id u a l  t r e a tm e n ts ,  e s p e c ia l l y  o f  th o se  














F ig u re  3 5 . T ree  h e ig h t  and dbh a t  d i f f e r e n t  ag es  p r e d ic te d  
from  h e ig h t  and dbh a t  ag e  o f  tw o.
P l a t e  13. P a r t i a l  v iew  o f th e  1961 p l a n t a t i o n  
a t  th e  age o f  s ix  y e a r s .
Table 28. Seven-year tree parameters in the 1961 plantation
T r e a t ­
ment
code
S u rv i­
v a l
M easured P r e d ic te d
A verage
T o ta l
volume
p e r
tre a tm e n t
A verage
T o ta l
volume
p e r
t r e a tm e n ts '






No. P e rc e n t In c h e s F e e t Cu f t Cu f t Cu f t Cu f t Cu f t
11 58 6 .5 1 5 6 .5 5 .535 77 .5 5 .4 9 7 5 .545 77 .3
12 58 6 .9 8 6 0 .1 6 .485 90 .8 6 .585 6 .6 2 8 9 1 .4
13 38 6 .4 0 5 1 .2 5 .2 8 8 4 7 .6 5 .4 3 2 5 .3 0 3 4 8 .8
14 62 7 .9 9 6 4 .6 9 .146 137.2 9 .342 9 .208 132.8
21 62 7 .5 0 5 8 .5 8 . 200 1 2 3 .0 7 .942 7 .9 1 4 118 .4
22 58 7 .42 5 9 .1 7 .6 5 0 107.1 7 .738 7 .7 1 0 108.2
23 54 6 .8 2 5 8 .1 6 .1 0 7 7 9 .4 6 .2 1 9 6 .2 5 0 8 1 .5
24 54 7 .27 6 3 .9 7 .261 9 4 .4 7 .319 7.332 93 .6
31 62 6 .3 1 5 3 .6 5 .146 7 7 .2 5 .145 5 .1 0 8 7 7 .8
32 62 7 .5 7 6 0 .1 7 .873 118 .1 8 .1 3 1 8 .0 9 3 119 .8
33 62 7.26 6 1 .3 7 .2 8 0 109.2 7 .3 1 0 7 .308 106.9
34 54 6 .9 4 5 8 .5 6 .3 3 8 8 2 .4 6 .515 6 .531 8 5 .3
41 54 6 .3 5 5 2 .3 5 .4 8 4 7 1 .3 5 .2 9 9 5 .1 9 4 6 9 .5
42 42 7 .1 4 5 8 .3 7 .3 0 0 7 3 .0 7 .027 7 .013 73 .5
43 58 7 .2 1 5 8 .8 7 .178 100.5 7 .199 7 .1 8 4 100 .7
44 71 7 .35 59 .6 7 .547 128 .3 7 .556 7 .532 126.5
51 50 6 .5 8 5 4 .0 5 .7 4 1 6 8 .9 5 .762 5 .702 7 0 .3
52 75 6 .9 0 5 7 .1 6 .1 8 8 111 .4 6 .445 6 .4 3 8 116.2
53 50 7 .2 3 6 0 .2 7 .6 0 0 9 4 .8 7 .2 4 0 7 .2 3 4 88.2
54 29 6 .9 0 5 6 .4 6 .0 1 4 4 2 .1 6 .465 6 .4 3 8 4 7 .7























































t i i I i i i i I i I I I I I I «— i I
6 .5  7 .0  7 .5  8 .0
DBH, in c h e s
Mean t r e e  h e ig h t  and dbh by t r e a tm e n t  in  th e  1961 
p l a n t a t i o n  a t  age sev e n .
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by dbh. To a v o id  th e  in c o n s i s te n c y  i n  ra n k in g  p ro c e d u re , ra n k in g  
o f  t re a tm e n ts  was made b a se d  on t r e e  volum e, w hich  i s  an  e x p re s s io n  
o f  b o th  h e ig h t  and d ia m e te r .
R e g re s s io n  a n a ly s e s  o f  a v e ra g e  p e r  t r e a tm e n t t r e e  volum e (V) 
w ith  a v e rag e  t r e e  h e ig h t  and a v e ra g e  dbh p e r  t r e a tm e n t  a s  th e  in d e ­
p en d en t v a r ia b le s  p ro v id e d  a  s e r i e s  o f  e q u a tio n s  (E q u a tio n  3 6 , 37 ,
3 8 , and 3 9 ) .
A lthough  a l l  fo u r  o f  th e s e  e q u a tio n s  show n e a r ly  p e r f e c t  fu n c ­
t i o n a l  r e l a t i o n s h i p  be tw een  a v e ra g e  t r e e  volum e p e r  t r e a tm e n t  and th e  
in d e p en d e n t v a r i a b l e s ,  e q u a tio n s  36 and 37 seem to  be  m ost a p p l ic a b le  
b e ca u se  th ey  in c lu d e  (-b ^ h ^ )  com ponent w hich  l i k e l y  c o r r e c t s  V 
a c c o rd in g  to  t r e e  fo rm .
The p r e d ic te d  a v e ra g e  volum es p e r  t r e a tm e n t  w ere  c a lc u la te d  
u s in g  e q u a tio n s  37 and 3 9 , and  t o t a l  volume p e r  tr e a tm e n t  was 
com puted from  e q u a tio n  4 0 . T hese  p r e d ic te d  volum es may be compared 
w ith  m easured volum es a s  p re s e n te d  in  T ab le  2 8 . I n  s p i t e  o f  
d is c r e p a n c ie s  be tw een  m easured  and p r e d ic te d  volum es f o r  in d iv id u a l  
t r e a tm e n ts ,  th e  o v e r a l l  mean volum e (6 .8 4 4  c u . f t )  f o r  20 t r e a t ­
m ents c a lc u la te d  from  e q u a t io n  39 was e x a c t ly  th e  same a s  th e  
m easured o v e r a l l  mean vo lum e. O v e ra l l  mean volum e c a lc u la te d  from  
e q u a tio n  37 was s l i g h t l y  g r e a t e r  (6 . 8 6 8  c u . f t ) .  R e la t io n s h ip  o f  
a v e ra g e  t r e e  volum e to  a v e ra g e  dbh p e r  t r e a tm e n t  i s  shown i n  F ig u re  
3 7 . I t  ap p eared  t h a t  ra n k in g  o f  tre a tm e n ts  sh o u ld  be b ased  on th e  
a v e ra g e  dbh p e r  t r e a tm e n t  r a t h e r  th a n  on a v e ra g e  t r e e  h e i g h t ,  b ecau se  
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AVERAGE DBH, in c h e s
F ig u re  3 7 . R e la t io n s h ip  betw een a v e rag e  t r e e  volume and a v e rag e  dbh by t r e a tm e n t  a t  age sev en  
i n  th e  1961 p l a n t a t i o n .  T ree  volume was c a lc u la te d  from  e q u a tio n  39.
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2 1 1
I n  a v e ra g e  t r e e  volum e p e r  t r e a tm e n t  (E q u a tio n  41 ) com pared w ith
9 5 .4  p e rc e n t  a cco u n ted  f o r  by th e  v a r i a t i o n  i n  dbh^ (E q u a tio n  3 9 ) .
W hile h^ and dbhy, and th u s  th e  a v e ra g e  t r e e  volum e p e r  t r e a t ­
m en t, a r e  p r e d ic t a b l e  from  and d b l^ j  an  e a r ly  p r e d i c t i o n  o f  t o t a l  
volum e p e r  t r e a tm e n t i s  im p o ss ib le  b e ca u se  t h i s  volum e depends on 
s u r v iv a l  a f t e r  7 y e a r s  (E q u a tio n  4 0 ) .  S ix t y - e ig h t  p e rc e n t  o f  th e  
v a r i a t i o n  iv  s u r v iv a l  p e rc e n ta g e  p e r  t r e a tm e n t  a f t e r  sev en  y e a r s  
was a cco u n ted  f o r  by th e  v a r i a t i o n  in  s u r v iv a l  p e rc e n ta g e  by t r e a t ­
ment a f t e r  two y e a r s  (E q u a tio n  4 2 ) .  C o n seq u en tly  o n ly  64 p e rc e n t  
o f  th e  v a r i a t i o n  in  t o t a l  volume p e r  t r e a tm e n t  was a l s o  a cco u n ted  
f o r  by th e  v a r i a t i o n  in  av e rag e  t r e e  volum e p e r  t r e a tm e n t  (E q u a tio n  4 3 ) .
The re a so n  f o r  th e  r e l a t i v e l y  po o r r e l a t i o n s h i p  betw een  
s u r v iv a l  a f t e r  7 y e a r s  and s u r v iv a l  a f t e r  2 y e a r s  by t r e a tm e n t ,  
and f o r  a  s im i l a r  r e l a t i o n s h ip  betw een  t o t a l  volum e and a v e ra g e  
t r e e  volum e p e r  t r e a tm e n t ,  was th e  lo s s  o f  t r e e s  cau sed  by h u r r ic a n e  
" H ild a "  (F ig u re  1 6 ) .
A cco rd in g  to  Dunn and M i l l e r  (1964) 34 t r o p i c a l  c y c lo n e s  w ere  
re c o rd e d  th ro u g h  a 68-y e a r  p e r io d  (1889-1957) i n  s o u th e rn  L o u is ia n a .
N ine o f  th e s e  c y c lo n e s  o f  h u r r ic a n e  i n t e n s i t y  w ere  v e ry  d e s t r u c t i v e  
and o c c u rre d  a t  i n t e r v a l s  o f  1 to  13 y e a r s . N e i th e r  th e  o c c u r re n c e  
n o r  th e  p a th  o f  th e  h u r r ic a n e s  c o u ld  be p r e d ic te d  a c c u r a te ly .
T h u s, an  e a r ly  p r e d ic t io n  o f  volum e i n  a  p l a n t a t i o n  a t  th e  end 
o f  th e  r o t a t i o n ,  even f o r  such  a  s h o r t  one a s  i n  c u l t i v a t e d  c o t to n ­
wood (12 to  15 y e a r s  f o r  pulpwood and s a w - t im b e r ) ,  seems t o  be 
r a t h e r  s p e c u la t iv e .
2 1 2
The co m parison  o f  th e  e f f e c t s  o f  p la n t in g  t r e a tm e n ts  in  th e  1961 
p l a n t a t i o n  by ra n k in g  a v e ra g e  t r e e  volume and a v e ra g e  dbh by t re a tm e n t 
(F ig u re  37) showed t h a t  10 tre a tm e n ts  produced  t r e e s  o f  a v e ra g e  dbh 
and volume w hich  w ere  g r e a t e r  th a n  o v e r a l l  mean dbh and volum e in  th e  
p l a n t a t i o n .  Among th e s e  10 tre a tm e n ts  w ere  3 t r e a tm e n ts  (1 4 , 2 4 , and 
44 ) w ith  = 5 .0  f t ,  3 t r e a tm e n ts  (3 3 , 4 3 , and 53) w ith  = 3 .5  f t ,
v
3 t r e a tm e n ts  (2 2 , 3 2 , and 42 ) w ith  = 2 .0  f t ,  and one t r e a tm e n t  (21) 
w ith  = 0 .3 3  f t .  Mean volum es f o r  th e s e  fo u r  t r e a tm e n t  g roups w ere 
7 .9 9 7 , 7 .4 2 6 , 7 .6 4 6 , and 8 .2 0 0  c u . f t ,  r e s p e c t i v e l y .  A n o th e r 10 
t r e a tm e n ts  p roduced  a v e ra g e  dbh and volum e s m a l le r  th a n  o v e r a l l  mean 
dbh and volum e in  th e  p l a n t a t i o n .  T here  w ere two t r e a tm e n ts  (34 and 
54) w ith  = 5 .0  f t ,  two tre a tm e n ts  (13 and 23) w ith  = 3 .5  f t ,  two 
t r e a tm e n ts  (12 and 52) w ith  = 2 .0  f t ,  and fo u r  t r e a tm e n ts  (1 1 , 3 1 ,
4 1 , and 51) w ith  = 0-33  f e e t .  A verage volum es f o r  each  o f  th e s e  
fo u r  tr e a tm e n t  g roups w ere  6 .2 2 5 , 5 .7 7 2 , 6 .3 1 8 , and 5 .4 6 1  c u . f t ,  
r e s p e c t i v e l y .  Among th e  fo u r  g roups o f  t r e a tm e n ts  w ith  a v e ra g e  dbh 
and volum e s m a l le r  th a n  o v e r a l l  mean dbh and vo lum e, one group 
(w ith  = 0 .3 3  f e e t )  in c lu d e d  th e  l a r g e s t  number (4 ) o f  t r e a tm e n t  com­
b in a t io n s ;  w h ile  among th e  g roups w ith  a v e ra g e  dbh and volum e l a r g e r  
th a n  th e  o v e r a l l  m eans, t h r e e  g roups in c lu d e d  an  e q u a l number (3 ) 
o f  t r e a tm e n t  c o m b in a tio n s . The c a lc u la te d  p e rc e n ta g e s  o f  th e  o c c u rre n c e  
o f  a v e ra g e  t r e e  volum e by t r e a tm e n t  to  be  ( 1) l a r g e r  th a n ,  (2 ) n e a r ly  
e q u a l t o ,  o r  (3 ) s m a l le r  th a n  th e  o v e r a l l  mean t r e e  volum e (T ab le  29) 
r e s u l t e d  i n  a  more d e t a i l e d  r a t i n g  o f  t re a tm e n t co m b in a tio n s  (T ab le  
3 0 ) .
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T ab le  2 9 . P e rc e n ta g e s  o f  th e  o c cu rren c e  o f  av e rag e  t r e e  volume by 
t r e a tm e n t  to  be l a r g e r  (+ ) , n e a r ly  e q u a l to  (£ ) ,  o r  
s m a l le r  ( - )  th a n  o v e r a l l  mean t r e e  volume in  th e  1961 
p l a n t a t i o n  a t  ag e  sev en
Depth o f  





C^, f e e t -  -  -  - - 
3.50 5.00
Feet Percent - - - - - -
1.33 (+) 5 15 15 15
(+) 35 55 55 55
(-) 60 30 30 30
2.00 (+) 15 45 45 45
(±> 65 45 45 45
(-) 20 10 10 10
3.00 (+) 10 30 30 30
cb 50 50 50 50
<-) 40 20 20 20
4.00 (+) 15 45 45 45
(+) 65 45 45 45
(-) 20 10 10 10
5.00 (+) 5 15 15 15
(t) 35 55 55 55
'<-) 60 30 30 30
T ab le  30 . T rea tm en t co m b in a tio n s  by group  o f  th e  o c cu rren c e  o f av e rag e  t r e e  volum e to  
be l a r g e r  th a n ,  n e a r ly  e q u a l t o ,  and s m a l le r  th a n  o v e r a l l  mean t r e e  volume 
i n  th e  1961 p l a n t a t i o n  a t  age sev en
O ccur­
re n c e
group
T rea tm en t co m b in a tio n s
O ccurrence  o f  V
L a rg e r  N e a rly  
th a n  __ e q u a l to _  
o v e r a l l  V o v e r a l l  V
S m alle r 
th a n  _  
o v e r a l l  V
No. Code No.
1 2 2 , 2 3 , 2 4 , 4 2 , 4 3 , 44 45 45 45
2 32 , 3 3 , 34 30 50 20
3 2 1 , 41 15 65 20
4 12 , 13 , 14 , 5 2 , 5 3 , 54 15 55 30
5 31 10 50 40
6 11 , 51 5 35 60
J OI-*■P*
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A lthough  v e ry  d i s t i n c t  d i f f e r e n c e s  w ere found ' betw een  th e  o c c u r­
re n c e  p e rc e n ta g e s  o f  group 1 and group 6 , i t  was im p o ss ib le  to  
r a t e  th e  tre a tm e n t co m b in a tio n s  w i th in  th e s e  g ro u p s .
D ata  in  T ab le  30 in d i c a t e s  t h a t  th e r e  p ro b a b ly  sh o u ld  be e i t h e r  a 
p a r a b o l ic  o r  lo g a r i th m ic  re sp o n se  o f  a v e r a g e - t r e e  volum e by tre a tm e n t
to  C^. The r e s u l t s  o f  m u l t ip l e  r e g r e s s io n  a n a ly s e s  o f  V, dbh^, and
2 3 2h^ w ith  C ^, , lo g  C^, 1/ ^ ’ C ^, , and (Cd x  C^) a s  th e  in d e ­
p en d en t v a r i a b le s  showed no s i g n i f i c a n t  r e l a t i o n s h i p  betw een  any o f  
th e  th r e e  d ep en d en t v a r i a b l e s  and any in d e p e n d e n t v a r i a b le s  w hich i n ­
c lu d ed  C^. Y e t,  h^ and dbh^ ten d ed  to  in c r e a s e  w ith  lo g  (E q u a tio n s  
44 and 4 5 ; F ig u re  3 8 ) ,  w hereas su ch  a  t r e n d  i n  V was n o t  s i g n i f i c a n t  
(E q u atio n  4 6 ) .  S l i g h t l y  more p ronounced  t r e n d s  o f  h ^ ,  dbh ^ , and V to  
in c r e a s e  w ith  lo g  w ere found in  t r e e s  p la n te d ,  3 ,  4 ,  and 5 f e e t  deep 
(F ig u re  3 8 ; E q u a tio n s  4 7 , 4 8 , and 4 9 ) .  T h is  in d ic a te d  th a t  th e  
v a r i a t i o n s  in  th e  d e p en d e n t v a r i a b l e s  w ere  a l s o  in f lu e n c e d ,  a lth o u g h  
v e ry  s l i g h t l y ,  by p l a n t in g  d e p th .
I t  i s  e v id e n t  t h a t  n e i t h e r  C, n o r  C, c an  be c o n s id e re d  a s  th ed h
f a c to r s  w hich  d i r e c t l y  c o n t r o l  t r e e  grow th  a t  more advanced  ages 
(sev en  y e a r s ) ,  a l th o u g h  th e s e  v a r i a b l e s  w ere  b a s ic  i n  d e s ig n in g  th e  
ex p erim en t and had s i g n i f i c a n t  e f f e c t s  on t r e e  grow th  i n  th e  f i r s t  and 
th e  second y e a r .  The was s u b je c t  to  a  d ie b a c k  d u r in g  th e  f i r s t  
grow ing s e a s o n , and a f t e r  t h a t  o n ly  i t s  l i v e  p a r t  (CQ) rem ained  to  
a f f e c t  t r e e  grow th d u r in g  th e  s e a s o n . A t th e  end o f  th e  f i r s t  
grow ing sea so n  Cq became an  i n t e g r a t e d  p a r t  o f  h ^ .  The sec o n d -y e a r 
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F ig u re  3 8 . R esponse t r e n d s  o f  av e rag e  t r e e  h e ig h t ,  dbh , and t r e e  volume p e r  t r e a tm e n t t o  i n  th e  
1961 p l a n t a t i o n  a t  age sev e n . W here: A -cu rv es  a r e  f o r  a l l  t r e e s  i n  th e  p l a n t a t i o n ,
and B -cu rv es  a re  f o r  t r e e s  p la n te d  3 , 4 ,  and 5 f e e t  d eep .
216
217
t r e e  h e ig h t  o f  each  c o n se c u tiv e  y e a r  was p r o p o r t io n a l  to  t r e e  h e ig h t  
o f  th e  p re c e d in g  y e a r .
The d e p th  o f  p la n t in g  Cj d id  n o t c o rre sp o n d  to  th e  com bined m agni­
tu d e  ( l e v e l )  o f  numerous s o i l  f a c to r s  w hich  v a r ie d  from  p la c e  to  p la c e  
in  th e  p l a n t a t i o n .  T h is  was d e m o n stra ted  by th e  s ig n i f i c a n c e  o f  
b lo c k - e f f e c t  on t r e e  grow th (T ab les 4 5 , 4 6 , 5 4 , 5 5 , 56) and much more 
by th e  v a r i a t i o n  i n  p h y s ic a l  p r o p e r t i e s  and th e  c h em ica l s t a t u s  o f  
s o i l  w i th in  th e  p r o f i l e s  o f  each d e p th  r e p r e s e n te d  n u m e r ic a l ly  by 
C^, b u t  w hich w ere n o t d i r e c t l y  r e l a t e d  to  p la n t in g  d e p th  (T ab les  33 
and 3 5 ) .
The e f f e c t s  o f  t re a tm e n ts  w hich  w ere  s i g n i f i c a n t  d u r in g  th e  
f i r s t  two y e a r s  (T ab les  4 5 , 4 6 , 5 5 , and 56) g r a d u a l ly  d e c l in e d  d u r in g  
th e  n e x t  f i v e  y e a r s  (T ab les 59 and 6 0 ) ,  w h ile  th e  e f f e c t s  o f  v a r io u s  
o th e r  f a c to r s  g ra d u a l ly  in c r e a s e d .  A weak lo g a r i th m ic  t r e n d  in  
re s p o n se  o f  t r e e  grow th to  (F ig u re  38) was th e  o n ly  r e l i c t  
e f f e c t  o f  p l a n t in g  t re a tm e n ts  a f t e r  sev en  y e a r s  o f  g ro w th .
N e v e r th e le s s ,  th e  combined e f f e c t s  o f  p l a n t in g  t r e a tm e n ts  and 
o th e r  f a c to rs - ,  w hich  w ere n o t c o n t r o l le d  by th e  t r e a tm e n t s ,  r e s u l t e d  
i n  a  c o n s id e r a b le  v a r i a t i o n  in  t o t a l - t r e e  volum e p e r  a c r e  p e r  t r e a t ­
m ent (T ab le  31 ; F ig u re  3 9 ) .
The e f f e c t s  o f  some o th e r  f a c to r s  w hich  dom inated  th e  e f f e c t s  
o f  p la n t in g  t r e a tm e n ts  a r e  d is c u s s e d  i n  th e  s e c t io n  w hich  fo l lo w s .
E f f e c t s  o f  S o i l  P r o p e r t i e s  on T ree  Growth
S e v e ra l  m ethods a r e  a c tu a l ly  in  u s e  f o r  d e te rm in in g  s o i l
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T ab le  31 . T o t a l - t r e e  volume o .b .  p e r  a c r e  p e r  t r e a tm e n t  i n  t r e e s  
o f  dbh e q u a l and g r e a t e r  th a n  th e  in d ic a te d  minimum in  
th e  1961 p la n ta t io n  a t  age sev en
T r e a t ­
ment
code °d °h 4 .0 5 .0
-  Minimum dbh o .b . ,  in c h e s  -  -  
6 .0  7 .0  8 .0  9 .0  1 0 .0 1 1 . 0  12 .0
No. F ee t F ee t C ubic f e e t  a /  -  -
11 1 .3 3 0.33 1125 1035 890 745 345 185
12 1.33 2 . 0 0 1320 1320 1120 865 775 200
13 1 .33 3 .5 0 690 645 530 120
14 1 .33 5 .0 0 1990 1955 1860 1785 1340 940 940 240
21 2 . 0 0 0 .3 3 1785 1720 1650 1455 1455 1015 500
22 2 . 0 0 2 . 0 0 1555 1535 1450 1225 1125 555
23 2 . 0 0 3 .5 0 1155 1155 930 800 500 370
24 2 . 0 0 5 .0 0 1370 1370 1225 1225 520 210
31 3 .0 0 0 .33 1120 1000 900 830 410
32 3 .0 0 2 . 0 0 1715 1715 1685 1340 1045 475 260
33 3 .0 0 3 .5 0 1585 1565 1480 1345 830 395
34 3 .0 0 5 .0 0 1195 1165 1065 795 410 275 275 275
41 4 .0 0 0 .3 3 1035 930 810 735 550 425 260
42 4 .0 0 2 . 00 1060 1060 985 695 495 345 345 345 345
43 4 .0 0 3 .5 0 1460 1435 1350 1065 950 540
44 4 .0 0  5 .0 0 1865 1850 1755 1425 1340 575
51 5 .0 0 0 .33 1000 920 835 715 715 165
52 5 .0 0 2 . 00 1620 1590 1410 1065 555 395
53 5 .0 0 3 .5 0 1375 1360 1190 1105 780 630 630 630 340
54 5 .0 0 5 .0 0 610 610 610 220 220 220
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MINIMUM DBH, inches
F ig u re  3 9 . T o t a l - t r e e  volum e o .b .  p e r  a c r e  p e r  t r e a tm e n t  in  t r e e s  o f  dbh e q u a l and 
g r e a te r  th a n  th e  in d ic a te d  minimum in  th e  1961 p l a n t a t i o n  a t  ag e  se v e n .
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2 2 0
s u i t a b i l i t y  f o r  co ttonw ood (Brendem uehl 1957; M aisen h e ld e r I960,* 
B ro ad fo o t 1960, 1964 , and  1969J M cKnight 197 0 ).
B ro ad fo o t (1960) b a se d  h i s  method on p edogen ic  c h a r a c t e r i s t i c s  
o f  l o c a l i t y ,  s o i l  t e x t u r e ,  i n t e r n a l  d ra in a g e ,  in h e re n t  m o is tu re  co n ­
d i t i o n s ,  and pH o f  s o i l .  As a consequence  o f  t h i s  m ethod, i n  1964 
B ro ad fo o t c o n s id e re d  s o i l  s e r i e s  as  a  b a s i s  f o r  s i t e  c l a s s i f i c a t i o n .  
B ro ad fo o t (1969) was o f  th e  o p in io n  t h a t  ' 'a v a i l a b l e  m o is tu re , p ro b a b ly , 
i s  th e  s in g le  m ost im p o r ta n t d e te rm in a n t o f  p r o d u c t i v i t y . "  The o th e r  
a u th o rs  ag re ed  a l s o  t h a t  a  m o is t loamy s o i l  o f  r e c e n t  a llu v iu m  w ith  
a  good i n t e r n a l  d ra in a g e  and w ith  pH ra n g in g  from  5 .5  to  8 .5  i s  th e  
m ost p ro d u c t iv e  s i t e  f o r  co ttonw ood .
The a r e a  o f  th e  1961 p l a n t a t i o n  (1 .3 7  a c r e s )  was to o  sm a ll t o  
p e rm it u s in g  s o i l  s e r i e s  a s  an  in d e p e n d e n t v a r i a b l e .  The v a r i a t i o n  
i n  s i t e ,  a s  c o n s id e re d  i n  th e  e x p e r im e n ta l  d e s ig n , sh o u ld  be r e f l e c t e d  
by th e  v a r i a t i o n  in  s o i l  c h a r a c t e r i s t i c s  o f  th e  sam ples ta k e n  from  
fo u r  s o i l  sam p lin g  p i t s  (one p i t  f o r  s i x  r e p l i c a t i o n  b lo c k s )  i n  th e
o
p la n t a t i o n  (T ab les  33 and 3 5 ) .
I n  o rd e r  to  e x p la in  th e  re a so n  f o r  n o n s ig n if ic a n c e  o f on 
t r e e  grow th a t  age th r e e  C^able 5 9 ) ,  th e  r e l a t i o n s h i p s  betw een th e  
grow th and v a r io u s  p r o p e r t i e s  o f  th e  s o i l  w ere s tu d ie d .
The r e s u l t s  o f  r e g r e s s io n  a n a ly s e s  o f  h^ and dbh^ w ith  p e rc e n ta g e s  
o f  san d , s i l t ,  and c la y  a s  th e  in d e p en d e n t v a r i a b le s  (E q u a tio n s  50 
th ro u g h  55) r e v e a le d  t h a t  th e  optimum co m p o sitio n  o f  t e x t u r a l  s o i l  
f r a c t i o n s  f o r  h e ig h t  grow th d i f f e r s  c o n s id e ra b ly  from  th e  c o m p o s itio n
2 2 1
r e q u ir e d  f o r  b e s t  grow th in  d ia m e te r . D iam eter grow th  was th e  b e s t  
when th e  s o i l  c o n ta in e d  4 7 .9 ,  3 8 .6 ,  and 1 5 .9  p e r c e n t  o f  s a n d , s i l t ,  
and c la y ,  r e s p e c t i v e l y ,  w h ile  h e ig h t  grow th was th e  b e s t  when th e  
r e s p e c t iv e  c o n te n ts  w ere 3 3 .6 ,  4 6 .2 ,  and 1 9 .0  p e r c e n t .  T h is  d i f ­
f e re n c e  in  s o i l  re q u ire m e n t was su p p o rte d  by th e  r e s u l t s  o f  r e g r e s s io n  
a n a ly s e s  o f  h^ and dbh^ w ith  a v a i l a b le  m o is tu re  a s  th e  in d e p e n d e n t 
v a r i a b l e  (E q u a tio n s  56 and 5 7 ) ,  w hich showed t h a t  h e ig h t  grow th  i s  th e  
b e s t  when a v a i l a b l e  m o is tu re  by volume i s  2 3 .0  p e r c e n t ,  w h ile  18 .3  
p e rc e n t  a v a i l a b l e  m o is tu re  i s  an  optimum f o r  d ia m e te r  g ro w th . I n  s p i t e  
o f  t h i s  d i f f e r e n c e ,  th e  b e s t  s o i l  f o r  grow th o f  b o th  h e ig h t  and 
d ia m e te r  was a  loam  (F ig u re  4 8 ) .
The t e x tu r e  o f  s o i l  i n  th e  1961 p la n t a t i o n  v a r ie d  from  sand  to  
s i l t y  c la y  loam . M oreover, t h e r e  was no seq u en ce  e i t h e r  i n  an  
in c r e a s e  o r  a  d e c re a s e  o f  any t e x t u r a l  s o i l  f r a c t i o n  w i th in  th e  
s o i l  p r o f i l e  (T ab le  3 3 ) .  The v a lu e s  o f  th e  w a te r  c o n s ta n ts  and o f  
th e  p o re  sp a c e  w ere a l s o  d i s t r i b u t e d  s i m i l a r l y .
T ree  g row th  was b e s t  i n  a  loam s o i l ;  h e n c e , an  in c r e a s e  o f  e i t h e r  
sand  o r  c la y  in  th e  s o i l  r e s u l t e d  in  a  d e c re a se  o f  grow th  i n  h e ig h t  
and d ia m e te r .  C o n se q u e n tly , a t  m o st, 1 4 .4  to  3 0 .3  p e r c e n t  o f  th e  
v a r i a t i o n  i n  t r e e  grow th was acco u n ted  f o r  by th e  in d iv id u a l  v a r i a t i o n s  
i n  p e rc e n ta g e s  o f  s a n d , s i l t ,  c l a y ,  and a v a i l a b l e  m o is tu re  (E q u a tio n s  
50 th ro u g h  5 5 ) .
M u l t ip le  r e g r e s s io n  a n a ly s e s  o f  h^ and dbh^ w ith  s a n d , s i l t ,  c l a y ,  
and a v a i l a b l e  m o is tu re  com bined o r  in  co m b in a tio n s  o f  two o r  th r e e  o f
2 2 2
t h e s e  f a c to r s  a s  in d e p e n d e n t v a r i a b le s  d id  n o t im prove d e te r m in a t io n  
c o e f f i c i e n t s  e i t h e r  f o r  h^ o r  dbh^ b ecau se  o f a  s t ro n g  i n t e r r e l a t i o n ­
s h ip  among th e s e  f a c t o r s .  Y e t ,  t r e e  grow th i s  c o n t r o l le d  by th e  
co m b in a tio n  o f  th e s e  and some o th e r  s o i l  f a c t o r s .
I n  r e l a t i n g  th e  f i r s t - y e a r  m o r t a l i t y  in  th e  1961 p l a n t a t i o n  to  
p h y s ic a l  p r o p e r t i e s  o f  s o i l ,  q u o t ie n t  was used  a s  an e x p re s s io n  o f  
th e  s o i l  p r o p e r t i e s .  V a r ia t io n s  i n  and accoun ted  f o r  5 5 .4  p e r ­
c e n t  o f  th e  v a r i a t i o n  i n  f i r s t - y e a r  m o r t a l i t y  (E q u atio n  2 ) .
The Rp, w hich  i s  a  r a t i o  o f  a v a i l a b le  m o is tu re  (AW) by volum e to  
volum e o f  la r g e  p o re s  (BP) in  th e  s o i l  p r o f i l e  o f  p la n t in g  d e p th  (C ^), 
c o m p rise s  two o f  th e  m ost v i t a l  p l a n t  grow th f a c t o r s ,  th e  a v a i l a b i l i t y  
o f  w a te r  and th e  a e r a t i o n  o f  s o i l  in  th e  r o o t  zone . T hese  two f a c t o r s  
a r e  c lo s e ly  r e l a t e d  to  th e  s o i l  t e x t u r e ,  th e  o rg a n ic  m a tte r  c o n te n t ,  
th e  b u lk  d e n s i ty  and s o i l  co m p ac tio n , and to  th e  form er u se  o f  th e  
s i t e  (B ro a d fo o t and Burke 1 9 5 8 ), o r  to  th e  p l a n t  community w hich  
o c cu p ie d  th e  s i t e  (C a jan d er 1926, O o stin g  1958, Sukachev 1 9 6 0 ). The 
ex trem e  p ro p o r t io n s  o f  AW and BP in  s o i l  e i t h e r  p re c lu d e  o r  g r e a t ly  
re d u c e  th e  developm ent o f  s o i l  m ic ro o rg an ism s w hich  p la y  an  e s s e n t i a l  
r o l e  i n  m a in ta in in g  th e  n u t r i t i o n a l  s t a t u s  o f  s o i l  (W inogradsky 1952, 
Waksman 1966) and in  s u s ta in in g  th e  l i f e  o f  h ig h e r  p l a n t s .
The v a lu e s  o f  Rp in  th e  1961 p l a n t a t i o n  v a r ie d  w ith  s o i l  s e r i e s ,  
ty p e  o f  s o i l ,  and d e p th  o f  s o i l  p r o f i l e  (F ig u re  40 ) a c c o rd in g  to  th e  
compound p h y s ic a l  p r o p e r t i e s  o f  s o i l  i n  th e  p r o f i l e .






























DEPTH, f e e t
F ig u re  4 0 . R e la t io n s h ip s  betw een  R^ u n i t ,  K/Ca r a t i o ,  H* a c t i v i t y ,  and th e  d e p th  o f  p r o f i l e  in  
d i f f e r e n t  s o i l  s e r i e s  i n  th e  1961 p l a n t a t i o n .  W here: A a loamy sand and B = sandy  loam 
o f  R o b in s o n v i l ie -C re v a s s e , C s loam o f  R o b in s o n v i l le ,  and D = s i l t  loam o f  Commerce s e r i e s ,
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Cd» CG, and R^ a s  th e  in d e p en d e n t v a r i a b l e s  (E q u a tio n s  58 and 59) 
showed t h a t ,  i n  p re se n c e  o f  Rp and CQ, was s i g n i f i c a n t  a t  th e  0 .05 
p r o b a b i l i t y  l e v e l .  M oreover, th e  (C^ x Rp) i n t e r a c t i o n  was s i g n i f i c a n t  
a t  th e  0 .01  p r o b a b i l i t y  l e v e l .  The v a r i a t i o n s  in  C^, CQ, and Rp e x p la in e d
4 4 .4  p e rc e n t  o f  th e  v a r i a t i o n  i n  hg and 2 3 .3  p e rc e n t  o f  th e  v a r i a t i o n  
i n  dbh^ , a s  compared w ith  3 0 .3  and 15 .7  p e r c e n t ,  r e s p e c t i v e l y ,  w hich 
w ere e x p la in e d  by th e  v a r i a t i o n s  in  CQ and sand c o n te n t in  th e  s o i l  
(E q u a tio n s  50 and 5 3 ) .
The d e p th  o f  p la n t in g  C^, w hich  was n o n s ig n i f ic a n t  i n  th e  a n a ly s i s  
o f  v a r ia n c e  (T able  5 9 ) ,  ap p ea red  to  be s i g n i f i c a n t  i n  p re sen c e  o f  Rp 
(E q u a tio n  5 8 ) .
I n  o rd e r  t o  exam ine th e  c o n s is te n c y  o f  s ig n i f ic a n c e  o f  CQ, and 
R p ,a  s e r i e s  o f  m u l t ip le  r e g r e s s io n  a n a ly s e s  o f  t r e e  h e ig h t  and dbh a t  
d i f f e r e n t  ag es  was made (E q u a tio n s  58 th ro u g h  66 ) .
The r e s u l t s  o f  th e  a n a ly s e s  w ere  t h a t  Rp e i t h e r  a lo n e  o r  in  
i n t e r a c t i o n  w ith  o r  CQ was s i g n i f i c a n t  a t  th e  0 .0 1  p r o b a b i l i t y  
l e v e l  i n  a l l  th e s e  r e g r e s s io n  e q u a t io n s .
To p o r t r a y  th e  e f f e c t  o f  Rp on t r e e  g row th  p ro g re s s  th e  h e ig h ts  a t 0 
d i f f e r e n t  ag es  f o r  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod (as  an  exam ple) 
w ere computed from e q u a tio n s  5 8 , and 60 th ro u g h  6 3 . The r e l a t i o n s h ip s  
o f  th e  d i f f e r e n t - a g e  t r e e  h e ig h ts  t o  Rp a r e  p re s e n te d  in  F ig u r e .4 1 .
The r e l a t i o n s h i p  o f s e v e n -y e a r  dbh to  Rp and CQ i s  p re s e n te d  
d ia g ra m m a tic a lly  in  F ig u re  4 2 ,
The r e l a t i o n s h i p  o f  s e v e n -y e a r  t r e e  h e ig h t  t o  C0 , Rp> and i s  




















Rp= AW/BP, u n i t
4 1 . S ev en -y ear p ro g re s s  o f  h e ig h t  g row th  o f t r e e s  p la n te d  
by th e  s ta n d a rd  m ethod a s  r e l a t e d  t o  Rp in  1 .3 3 - f o o t -  
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Rp, u n i t
F ig u re  4 2 . R e la t io n s h ip  o f  s e v e n -y e a r  dbh to  Rp and CQ i n  th e  1961 
p l a n t a t i o n .  Dbh was c a lc u la te d  from  r e g r e s s io n  
e q u a tio n  6 6 .
Cd = t  i  f t
-to ?
= f lW /E P  ,  v m t
F ig u re  4 3 . R e la t io n s h ip  o f  s e v e n -y e a r  t r e e  h e ig h t  t o  CQ, R_, and i n  th e  1961 p l a n t a t i o n .  T ree




th e  r e l a t i o n s h i p ,  Cq and w ere e x t r a p o la te d  from  5 f e e t  to  10 f e e t .
I n  s p i t e  o f  a  h ig h  s ig n i f i c a n c e  o f  th e  R^ q u o t i e n t ,  and i t s
m e r i ts  i n  r e p r e s e n t in g  v a r io u s  p h y s ic a l  p r o p e r t i e s  o f  s o i l ,  and in
d i s c l o s in g  th e  s ig n i f i c a n c e  o f  w hich  rem ained  h id d e n  when th e  s i t e
o f  th e  p l a n t a t i o n  was t r e a t e d  as  a  u n ifo rm  u n i t ,  th e  u s e  o f  i s  n o t
an  id e a l  m ethod f o r  d e te rm in in g  e x h a u s t iv e ly  th e  p ro d u c tiv e  c a p a c i ty
o f  cottonw ood s i t e .  T h is  i s  b ecau se  R d oes n o t em brace th e  ch em ica l
P
s t a t u s  o f  th e  s o i l  w h ich  i s  o f  no l e s s  im p o rtan ce  th a n  i t s  p h y s ic a l  
p r o p e r t i e s .
The w orks o f  K ostychev  (1 9 3 1 ) , Young and C a rp e n te r  (1 9 6 7 ), 
H acskay lo  e t  a l .  (1 9 6 9 ) , and W hite  and C a r te r  (1970) p r e s e n t  e x p l i c ­
i t l y  th e  e f f e c t s  o f  v a r io u s  n u t r i t i o n a l  e lem en ts  on grow th  o f  t r e e s  
and o th e r  p l a n t s .
K ostychev  s t a t e d  t h a t  th e  c o m p o s itio n  o f  a sh  o f  d i f f e r e n t  p la n t s  
grown i n  th e  same s o i l  i s  n o t  e n t i r e l y  a l i k e ,  and t h a t  th e  p ro p o r t io n s  
o f  th e  a sh  com ponents i n  a l l  p l a n t s  a r e  v e ry  d i f f e r e n t  from th e  p ro ­
p o r t io n s  o f  n u t r i t i o n a l  e lem en ts  i n  s o i l .  T h is  i s  b e ca u se  th e r e  i s  a 
s e l e c t i v e  a b s o r p t io n  o f  v a r io u s  io n s  from  th e  s o i l  by th e  p l a n t s .  The 
w orks o f  Young and C a rp e n te r  (1967) and o f  H acskay lo  e t  a l .  (1969) 
p l a in ly  s u p p o r t  th e  s ta te m e n t  o f  K o sty ch ev .
I f  a  p l a n t  s p e c ie s  i s  s e l e c t i v e  in  r e s p e c t  to  th e  u p ta k e  o f  n u t r i ­
t i o n a l  e le m e n ts ,  th e n  th e  e lem en ts  a r e  u sed  by th e  p l a n t  in  c e r t a i n  
p ro p o r t io n s  o f  one to  a n o th e r .  And i f  t h i s  i s  s o ,  th e n  any o f  two 
e lem en ts  a r e  ab so rb ed  i n  a  c e r t a i n  c o n s ta n t  p r o p o r t io n  u n le s s  e i t h e r  
one o f  th e s e  two e le m e n ts ,  o r  any one o f  th e  o th e r  e lem en ts  re q u ire d
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by t h i s  p la n t ,  i s  g r e a t l y  d e f i c i e n t  o r  a b s e n t  i n  th e  n u t r i t i o n a l  medium.
A g r e a t  d e f ic ie n c y  o r th e  com plete  a b se n c e  o f  any  one o f  th e  
e lem en ts  in  th e  n u t r i t i o n a l  medium p ro d u c e s  d is tu r b a n c e s  in  th e  p l a n t ' s  
n u t r i t i o n  c a u s in g  e i t h e r  a reduced  u p ta k e  o f  some e lem en ts  o r  an  i n ­
c re a s e d  u p tak e  o f  some o th e r  e lem en ts  w hich  may be to x i c  a t  c e r t a i n  
r a t e s .
T h is  i s  c l e a r l y  d em o n stra ted  in  my summary o f  th e  a n a ly s i s  o f  thei 
d a ta  p re s e n te d  by H acskaylo  e t  a l .  (1969) on u p ta k e  o f  m acro- and 
m ic ro -e le m e n ts  by cottonw ood (T able  3 2 ) .
T hu s, th e  symptoms o f  d e f ic ie n c y  o f  one e lem en t o f te n  may be con­
fu se d  w ith  th e  to x ic  e f f e c t  o f  th e  e x c e s s iv e  u p ta k e  e i t h e r  o f  a n o th e r ,  
o r  o f  many s e v e r a l  e lem en ts .
Such a p h ilo so p h y  le d  th e  a u th o r  o f  t h i s  r e p o r t  t o  th e  c o n v ic t io n  
t h a t  f o r  maximum t r e e  grow th a  c e r t a i n  optimum p ro p o r t io n  o f  e x t r a c t -  
a b le  io n s  i n  th e  s o i l  , e s p e c ia l l y  o f  a n t a g o n i s t i c  i o n s ,  i s  much more 
in d is p e n s a b le  th a n  a  s u f f ic ie n c y  o f a l l .
W hite and  C a r te r  (1970) found t h a t  e x t r a c t a b l e  p o ta ss iu m  a cco u n ted  
f o r  94 p e rc e n t  o f  th e  v a r i a t i o n  in  h e ig h t  g ro w th  o f  co ttonw ood .
S tew ard  (1963) r e p o r te d  t h a t  th e  c o n te n t s  o f  g lu ta m in ic  a c id ,  
g lu ta m in e , and a s p a r t i c  a c id s  (amino a c id s  o f  RNA, w hich  i s  r e s p o n s ib le  
f o r  th e  s y n th e s is  o f  p r o te in )  a r e  d i r e c t l y  r e l a t e d  to  Ca/K r a t i o  in  
th e  n u t r i t i o n a l  medium.
T h is  in fo rm a tio n  g e n e ra te d  th e  e x p l o r a t i o n  o f  th e  e f f e c t  o f  th e  
K/Ca r a t i o  on t r e e  grow th in  th e  1961 p l a n t a t i o n .
By an  an a lo g y  to  R p ,th e  K/Ca r a t i o  i n  th e  s o i l  p r o f i l e  o f  p la n t in g
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T ab le  32 . R e la t iv e  c o n c e n tr a t io n  o f  n u t r i e n t  e le m e n ts  i n  cottonw ood 
grown i n  v a r io u s  s o lu t io n s ,  a s  c a l c u la te d  from  d a ta  g iv e n  
by H acskay lo  e t  a l .  (1969)
S o lu ­
t i o n
T is -
sueS /
E lem ents in t i s s u e
N P K Ca Mg S Fe Mn Zn B Cu Mo
L V m 91 169 76 81 88 141 457 97 473 85
-N S 130 115 176 82 24 112 200 550 138 283 100
R 102 103 84 54 56 111 114 508 247 161 200
L 96 84 101 61 86 120 128 436 94 273 69
-P S 96 118 156 94 208 96 211 712 131 517 100
R 64 82 90 58 106 148 200 254 247 146 57
L 89 178 169 202 130 50 167 250 120 732 631
-K S 84 109 146 94 98 71 178 462 123 667 133
R 98 143 153 138 92 113 540 246 147 66 400
L 70 86 62 108 78 59 73 193 46 123 92
-Ca S 109 167 111 276 269 79 200 338 138 617 233
R 79 69 36 221 114 141 100 223 140 156 257
L 96 123 142 114 131 88 116 214 91 118 31
-Mg S 79 139 102 256 176 67 189 250 123 417 67
R 77 153 42 231 97 96 508 223 113 163 . 71
L 38 237 128 154 94 111 341 529 125 T r . 692
-S S 158 242 92 176 118 75 533 450 123 T r . 300
R 100 142 69 104 75 156 492 362 120 100 128
L 117 128 100 123 122 119 259 257 116 223 169
-F e S 102 123 117 128 129 188 333 275 138 567 167
R 103 113 103 102 100 106 292 277 120 375 228
L 146 112 105 103 118 124 106 257 115 91 138
-Mn S 111 114 86 133 147 104 75 225 131 467 67
R 106 133 80 114 92 73 58 138 107 38 71
L 106 104 108 128 131 145 97 173 144 200 285
-Zn S 136 109 103 115 141 329 117 244 123 667 233
R 103 99 107 94 112 51 64 119 107 82 171
L 91 93 94 118 55 116 72 196 343 382 92
-B S 232 174 171 209 124 337 133 367 425 583 167
R 152 135 129 151 75 111 7? 551 277 150 171
L 124 101 96 118 96 127 108 96 164 91 108
-Cu S 136 126 140 122 141 153 104 144 200 115 133
R 120 115 106 83 96 74 71 119 138 100 71
L 110 112 111 121 137 133 106 94 207 126 114
-Mo S 127 133 127 117 153 165 154 156 263 146 567
R 130 136 141 130 158 137 135 135 246 153 63
a /  L -  le a v e s ,  S -  s tem s, R -  r o o ts
]>/ I n  p e rc e n t  o f  t h a t  amount ab so rb ed  from  com ple te  n u t r i e n t  s o lu t io n .
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d e p th  C,j has been  named Re , w hich means a  r a t i o  o f  e le m e n ts . The 
r e l a t i o n s h i p  o f  Re = K/Ca w ith  th e  d e p th  o f  s o i l  p r o f i l e  and s o i l
s e r i e s  i s  shown in  F ig u re  4 0 .
The r e s u l t s  o f  r e g r e s s io n  a n a ly s i s  o f  h^ w ith  CQ, C<j, Rp, and Re 
showed t h a t  Re in  th e  p re se n c e  o f  o th e r  v a r i a b l e s  (E q u a tio n  67) was 
s i g n i f i c a n t  a t  th e  0 .05  p r o b a b i l i t y  l e v e l ,  w h ereas  Rp was s i g n i f i c a n t  
a t  th e  0 .0 1  p r o b a b i l i t y  l e v e l .  As can  be co n c lu d ed  from  th d  com pari­
son  o f  F v a lu e s  f o r  b - c o e f f i c i e n t s , th e  Rp rem ained  in  a  le a d in g  p o s i ­
t i o n  a s  th e  s o i l  f a c t o r .  The u se  o f  Rg i n  th e  r e g r e s s io n  a n a ly s i s
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im proved th e  d e te rm in a tio n  c o e f f i c i e n t  v e ry  l i t t l e  (R = 0 .3 2 2 ) i f  com­
p a re d  w ith  R^ * 0 .3 0 8  o f  r e g r e s s io n  e q u a t io n  67 .
N e v e r th e le s s ,  th e  u s e ,o f  Re a s  th e  in d e p e n d e n t v a r i a b le  has i n t r o ­
duced  c e r t a i n  p r e c i s io n  i n t o . t h e  r e l a t i o n s h i p  o f  t r e e  grow th  to  s o i l  
p r o p e r t i e s .
The r e l a t i o n s h i p s  o f  s e v e n -y e a r  t r e e  h e ig h ts  to  Rp and Rg i n  two 
ex trem e  p la n t in g  tre a tm e n ts  in  th e  1961 p l a n t a t i o n  a r e  shown i n  F ig u re s  
44  and 4 5 . As shown in  th e  d ia g ra m s, maximum t r e e  g row th  ta k e s  p la c e  
when b o th  Rp and Re a re  a t  t h e i r  o p tim a .
A lth o u g h  th e  Rg ap p ea red  t o  be a  s i g n i f i c a n t  g ro w th - c o n tr o l l in g  
f a c t o r ,  d e te rm in in g  s i t e  p r o d u c t iv i ty  f o r  co ttonw ood p u re ly  by th e  
know ledge o f  K/Ca r a t i o  i s  s t i l l  im p o s s ib le ,  b ecau se  th e  Re q u o t ie n t  o f  
la r g e  v a lu e s  f o r  K and Ca may be th e  same a s  f o r  sm a ll v a lu e s .
M u lt ip le  r e g r e s s io n  a n a ly s e s  o f  hy and dbh^ w ith  th e  in d ep en d en t 
v a r i a b l e s  K, C^, Rp, Re , and i n t e r a c t i o n s  o f  one w ith  a n o th e r ,  a f t e r  
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Re= K/Ca, h u n d re d th
F ig u re  4 4 . S e v en -y ea r h e ig h t  o f  t r e e s  p la n te d  by th e  s ta n d a rd  method a s  r e l a t e d  to  Rp and Re 
i n  1 .3 3 - fo o t-d e e p  s o i l  p r o f i l e  i n  th e  1961 p l a n t a t i o n .  T ree  h e ig h t  was c a lc u la te d  
















Re= K/Ca, p e rc e n t
F ig u re  4 5 . S ev e n -y e a r h e ig h ts  o f  t r e e s  grown from  c u t t i n g s  o f  CD = 5 f e e t  p la n te d  5 f e e t  deep
a s  r e l a t e d  to  Rp and Re i n  th e  s o i l  p r o f i l e  o f  p la n t in g  d e p th  i n  th e  1961 p la n ta t io n .  
T ree  h e ig h ts  w ere c a lc u la te d  from  r e g r e s s io n  e q u a tio n  6 7 . 233
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w hich  th e  o p tim a l l e v e l s  o f  K can  be e a s i l y  c a lc u la te d  f o r  t r e e  h e ig h t  
and d ia m e te r .  Once th e  optimum le v e l  o f  K i s  known, th e  optimum Ca 
l e v e l  can  be c a lc u la te d  from th e  optimum Rg = K/Ca.
The c a lc u la t e d  optimum K l e v e l  fo r  maximum h e ig h t  g row th  o f  t r e e s  
p la n te d  by th e  s ta n d a rd  m ethod was 171 ppm and f o r  maximum d ia m e te r  
g row th  was 194 ppm. C o rresp o n d in g  o p tim a l l e v e l s  o f Ca w ere  3420 ppm 
and 3880 ppm. T h is  d i f f e r e n c e  betw een th e  optim a le v e l s  o f  K co u ld  
be a s s ig n e d  e i t h e r  to  a  d is c re p a n c y  due t o  ro u n d in g  o f  b - c o e f f i c i e n t s  
o r  t o  d i f f e r e n t  K re q u ire m e n ts  f o r  maximum h e ig h t  and d ia m e te r  g ro w th . 
T h is  would su p p o r t  p re v io u s ly  d is c u s s e d  d i f f e r e n c e s  i n  r e s p e c t  t o  th e  
c o m p o s itio n  o f  s o i l  t e x t u r a l  f r a c t i o n s ,  and to  th e  a v a i l a b l e  m o is tu re  
i n  th e  s o i l .  T hese p rob lem s sh o u ld  be in v e s t ig a te d  i n  th e  f u tu r e  w ith  
o th e r  n u t r i t i o n a l  e le m e n ts  and o th e r  s o i l  c h a r a c t e r i s t i c s .
F o r i n s t a n c e ,  th e  Rp optimum c a lc u la te d  from  e q u a tio n  61 f o r  h^ 
was 7 .6 7 ,  and c a lc u la te d  from  e q u a tio n  62 th e  Rp optimum f o r  dbh^ 
was 7 .1 6 .
The a u th o r  b e l ie v e s  t h a t  th e r e  w i l l  be no la c k  o f  o p p o r tu n i ty  t o  
f i n d  o th e r  exam ples t o  p rove t h a t  g row th  in  h e ig h t  depends on d i f f e r ­
e n t  s o i l  c o n d i t io n s  from  grow th  in  dbh.
The r e s u l t s  o f  r e g r e s s io n  a n a ly s e s  o f  t r e e  h e ig h ts  a t  d i f f e r e n t  
a g e s  w ith  Cjj, C0 , Rp, and hydrogen  io n  a c t i v i t y  (H*) w ere q u a d r a t ic  
and e x h ib i te d  p ronounced  o p tim a . M oreover, th e  H* optimum was d i r e c t l y  
r e l a t e d  t o  Rp. The c a lc u la te d  r e l a t i o n s h i p s  o f  o p tim a l H* f o r  hg and 
h 7 w ere  H* (1 0 " ® m o le s / l i te r )  = 0 .4151 Rp, and If*" (10”® m o le s / l i te r )  =
0 .4152  Rp, r e s p e c t i v e l y  (E q u a tio n s  70 and 7 1 ) .
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S in ce  th e  v a lu e  o f  optimum Rp v a r ie d  w ith  C j, C0 , and t r e e  age 
(E q u a tio n s  58 , 6 0 , 6 1 , 6 2 , 6 3 , and 6 7 ) ,  and t h i s  v a r i a t i o n  was th e  
l a r g e s t  f o r  7 - y e a r -o ld  t r e e s  (Rp 85 8 .6 7  f o r  t r e e s  p la n te d  by th e  
s ta n d a rd  m ethod, and Rp = 5 .0 2  f o r  t r e e s  p la n te d  5 f e e t  d e e p ) , th e  
optimum pH in  th e  1961 p l a n t a t i o n  a t  age seven  v a r ie d  from 7 .4 4  to  
7 .6 8 .
SUMMARY AND CONCLUSIONS
Four experim ental cottonwood (Populus d e lto id e s  B a r tr .)  p la n ta tio n s  
were es ta b lish ed  in  the M iss iss ip p i River bottomlands in  the v ic in i t y  
o f S t . F r a n c is v i l le ,  L ouisiana, during the period from 1961 through 
1964.
An a d d i t io n a l  p la n ta t io n  o f co ttonw ood, w ith  th r e e  e x o t ic  p o p la r s  
f o r  co m p ariso n , was e s ta b l i s h e d  in  a n u rs e ry  on th e  LSU campus in  
B aton  Rouge, L o u is ia n a  , i n  1968.
The 1961 p la n ta t io n  was th e  m ain p l a n ta t io n  o f  t h i s  s tu d y .  The 
o th e r  fo u r  p la n ta t io n s  were e s ta b l i s h e d  one a t  a tim e  t o  t e s t  th e  
h y p o th e se s  r e s u l t i n g  from  p re l im in a ry  a n a ly s e s  o f  th e  d a ta  o b ta in e d  
d u r in g  th e  p ro g re s s  o f  th e  s tu d y .
The o b je c t iv e  o f  th e  s tu d y  was e v a lu a t io n  o f  v a r io u s  m ethods o f  
p la n t in g  cottonw ood c u t t in g s  in  com parison  w ith  th e  s ta n d a rd  m ethod 
(20 - in c h - lo n g  c u t t in g s  p la n te d  16 in c h e s  d eep ) commonly u sed  in  th e  
S o u th .
The e f f e c t s  on s u r v iv a l  and grow th o f 20 co m b in a tio n s  o f  f iv e  
p la n t in g  d e p th s  ( 1 .3 ,  2 .0 ,  3 .0 ,  4 .0 ,  and 5 .0  f e e t )  w ith  fo u r  le n g th s  
o f  c u t t in g  above th e  ground ( 0 .3 ,  2 .0 ,  3 .5 ,  and 5 .0  f e e t )  w ere t e s t e d  
o v e r a s e v e n -y e a r  p e r io d  ( u n t i l  pulpwood m a tu r i ty )  i n  th e  1961 p l a n t a ­
t i o n .
The e f f e c t s  o f  24 com b in a tio n s  o f  two l e v e l s  o f  deep  c u l t i v a t i o n  
o f  s o i l  (n o n e , m ix ing  th e  s o i l  in  3 - fo o t-d e e p  and 1 4 - in c h -d ia m e te r
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h o le s ) ,  two d e p th s  o f  p la n t in g  (1 .3  and 3 .0  f e e t ) ,  two le n g th s  o f 
c u t t in g  above th e  ground (0 .3  and 2 .0  f e e t ) ,  and th r e e  l e v e l s  o f  f e r t i ­
l i z e r  (n o n e , s u p e rp h o sp h a te , and su p e rp h o sp h a te  w ith  ammonium n i t r a t e )  
w ere t e s t e d  on f i r s t - y e a r  s u r v iv a l  and t r e e  grow th  in  th e  1962 p l a n t a ­
t i o n .  The e f f e c t  o f  c u t t in g  d ia m e te r  was a l s o  t e s t e d .
The e f f e c t s  o f  48 tre a tm e n t co m b in a tio n s , o f  two le v e l s  o f  p o s t ­
p la n t in g  c u l t i v a t i o n  (n o n e , c u l t i v a t i o n  by b e d d in g ) , two l e v e l s  o f  
.m ulch  (n o n e , 2 - f t - s q .  la m in a ted  K ra f t  p ap e r p a d s ) ,  two le v e l s  o f  deep 
c u l t i v a t i o n  o f  s o i l  (n o n e , m ix ing  th e  s o i l  in  3“ fo o t-d e e p  and 9 - in c h  
d ia m e te r  h o l e s ) ,  two d e p th s  o f  p l a n t in g  (1 .3  and 3 .0  f e e t ) ,  and 
th r e e  le n g th s  o f  c u t t in g  above th e  ground ( 0 .3 ,  2 .0 ,  and 3 .6  f e e t )  
w ere t e s t e d  on f i r s t - y e a r  s u r v iv a l  and t r e e  g row th  in  th e  1963 p l a n t a ­
t i o n .
The e f f e c t s  o f  fo u r  l e v e l s  o f  deep c u l t i v a t i o n  o f s o i l  (n o n e , 
m ix ing  th e  s o i l  in  3 - fo o t-d e e p  h o le s  o f  9 , 14 , and 18 in c h e s  in  d i a ­
m e te r )  and two le n g th s  o f  'c u t t in g  (20 - in c h - lo n g  c u t t in g  p la n te d  16 
in c h e s  deep  and 4 0 - in c h - lo n g  c u t t in g  p la n te d  36 in c h e s  d eep ) w ere 
t e s t e d  on f i r s t - y e a r  s u r v iv a l  and t r e e  g row th  in  th e  1964 p l a n t a t i o n .
The e f f e c t s  o f  c lo n e  (co tto n w o o d , com pared w ith  th r e e  e x o t ic  
p o p la r s )  and  c u t t in g  d ia m e te r  w ere t e s t e d  on f i r s t - y e a r  grow th  and 
form  o f  sw itc h e s  i n  th e  1968 p l a n t a t i o n .
The 1961-1964 e x p e rim en ts  were c a r r i e d  on w ith o u t w eed ing .
C u tt in g s  w hich w ere u sed  f o r  e s ta b l is h m e n t  o f  th e  1961-1964 
p la n t a t i o n s  d id  n o t r e p r e s e n t  any  d e f i n i t e  s in g le  c lo n e .  They w ere 
p re p a re d  from  sw itc h e s  grown i n  a n u r s e ry  from  w ild in g s .
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P h y s ic a l  p r o p e r t i e s  and n u t r i t i o n a l  s t a t u s  o f  s o i l s  in  th e  p la n ta ­
t io n s  w ere d e te rm in ed  by c o rre sp o n d in g  a n a ly s e s  o f  sam ples and c o re s  
ta k e n  from each  1 - f o o t  s o i l  s t r a tu m  in  3 - o r  5 - fo o t-d e e p  p r o f i l e s ,  
d epend ing  on p la n t in g  t r e a tm e n t .
Survival and growth data were analyzed according to  experim ental 
designs by analyses o f v a r ia n ce , and by reg ressio n  an a lyses where 
necessary to exp la in  r e la t io n sh ip s  between su rv iv a l and growth and 
treatm ents or other fa c to rs  not embraced by the d es ig n s .
The r e s u l t s  o f  s t a t i s t i c a l  a n a ly s e s  a r e  docum ented by c o r re s p o n ­
d in g  t a b l e s  and r e g r e s s io n  e q u a t i o n s .
The r e l a t i o n s h ip s  o f  s u r v iv a l  p e rc e n ta g e s  to  t r e a tm e n ts ,  
p h y s ic a l  p r o p e r t i e s  o f  s o i l ,  and  c l im a t i c  c o n d i t io n s ,  and th e  r e l a ­
t io n s h ip s  o f  t r e e  grow th  in  h e ig h t ,  d ia m e te r ,  and volume to  t r e a t ­
m en ts , and p h y s ic a l  and ch em ica l p r o p e r t i e s  o f  s o i l  a r e  p o r tr a y e d  in  
numerous d ia g ra m s .
A con cep t o f  a d ju s te d  s e a s o n a l  m o is tu re  b a la n c e  (EMb), w hich  was 
dev e lo p ed  by th e  a u th o r  o f  t h i s  r e p o r t ,  was a p p l ie d  i n  w e ig h in g  b o th  
th e  e f f e c t - o f  c l im a t ic  c o n d i t io n s  and th e  e f f i c i e n c y  o f  p la n t in g  t r e a t ­
m ents in  re g a rd  to  f i r s t - y e a r  s u r v iv a l  o f  co ttonw ood .
A co ncep t o f  an  e c o lo g ic a l  d e te rm in a n t o f  s o i l  (R p), w hich  was 
developed  by th e  a u th o r ,  was u sed  a s  a s in g le - in d e p e n d e n t  v a r i a b l e  in  
r e l a t i n g  f i r s t - y e a r  m o r t a l i t y  and t r e e  g row th  a t  v a r io u s  ag es  to  th e  
e n t i r e  complex o f  p h y s ic a l  p r o p e r t i e s  o f  s o i l  i n  th e  ro o t  z o n e . The 
Rp i s  a r a t i o  o f  a v a i l a b le  m o is tu re  p e rc e n ta g e  by volume to  th e  p e r ­
c en ta g e  o f la rg e  po re  space  i n  th e  s o i l  p r o f i l e  o f  p la n t in g  d e p th .
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A c o n ce p t o f  an  o p tim a l p r o p o r t i o n a l i t y  o f  n u t r i t i o n a l  e lem en ts  
(Re ) i n  a n u t r i e n t  medium, w hich was fo rm u la ted  by th e  a u th o r  and was 
b ased  on a s y n th e s is  o f  in fo rm a tio n  p ro v id e d  by o th e r  r e s e a r c h e r s ,  was 
t e s t e d  by exam ining  th e  e f f e c t  o f  Re = K/Ca i n  th e  s o i l  p r o f i l e  o f  
p la n t in g  d e p th  on t r e e  g row th .
Cottonwood root behavior was studied  by excavation  o f root systems 
which were developed in  natural con d ition s and in  co n d itio n s m odified  
by p lan tin g  treatm ents. In connection w ith  t h is  study the l i te r a tu r e  
on mycorrhizae a sso c ia ted  w ith roots o f cottonwood and other poplars 
was review ed.
Major Findings
The m ajo r f in d in g s  o f t h i s  s tu d y  a r e  a s  fo l lo w s :
1 . F i f t y - t h r e e  p e rc e n t o f  th e  v a r i a t i o n  i n  f i r s t - y e a r  m o r t a l i t y
o f  cottonw ood c u t t in g s  p la n te d  in  u n d is tu rb e d  s o i l  in  th e  1961 p l a n t a ­
t i o n  was e x p la in e d  by th e  v a r i a t i o n s  in  d e p th  o f  p la n t in g  and le n g th
o f  c u t t in g  above th e  g round . R e g re ss io n  a n a ly s i s  in d ic a te d  t h a t  th e  
lo w e st p r e d ic te d  p e rc e n ta g e  o f  m o r t a l i t y  (1 4 .3  p e r c e n t )  would o ccu r 
when 5 - f o o t - lo n g  c u t t in g s  w ere p la n te d  3 f e e t  d e e p . T h is  m o r t a l i t y  was 
o n ly  55 p e rc e n t o f  th e  m o r t a l i t y  o f  c u t t in g s  p la n te d  by th e  s ta n d a rd  
m eth o d .
2 . P ro p e r  b a la n c e  betw een  s o i l  a e r a t i o n  and a v a i l a b l e  s o i l  m o is­
tu r e  was a  s i g n i f i c a n t  e c o lo g ic a l  f a c to r  c o n t r o l l i n g  f i r s t - y e a r  
s u r v iv a l  and t r e e  g ro w th . The e c o lo g ic a l  d e te rm in a n t o f  s o i l  (R p), a s  
an  e x p re s s io n  o f  th e  whole complex o f p h y s ic a l  s o i l  p r o p e r t i e s ,
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e x p la in e d  5 5 .4  p e rc e n t  o f  th e  v a r i a t i o n  in  th e  m o r t a l i t y  in  th e  1961 
p l a n t a t i o n .  The lo w est p re d ic te d  (by r e g r e s s io n )  p e rc e n ta g e  o f 
m o r t a l i t y  (5 .6  p e r c e n t)  would o ccu r when c u t t i n g s  w ere p la n te d  2 .3  
f e e t  deep  in  th e  s o i l  w ith  Rp. = 7 .5 ,  i . e .  i n  s o i l  c o n ta in in g  a p p ro x i­
m a te ly  17 .5  p e rc e n t  o f  c la y .  In  s im i la r  s o i l ,  p r e d ic te d  m o r t a l i t y  o f  
c u t t in g s  p la n te d  by th e  s ta n d a rd  method was 9 .3  p e r c e n t .  Some o f  th e  
f a c to r s  w hich  p ro b a b ly  c o n tr ib u te d  to  th e  re m a in in g  u n e x p la in e d  45 p e r ­
c e n t v a r i a t i o n  i n  m o r t a l i t y  were v a r i a t i o n s  in  in c id e n c e  o f  l e a f  
b e e t l e s ,  v i a b i l i t y  o f  c u t t i n g ,  c o m p e titio n  ( e s p e c i a l l y  o f  v i n e s ) ,  and 
q u a l i t y  o f  p la n t in g  p ro c e d u re .
3 . S u rv iv a l  o f  c u t t in g s  in c re a s e d  w ith  in c r e a s e  o f  s i z e  o f  
p la n t in g  h o le .  The s u r v iv a l  o f  2 0 - in c h - lo n g  c u t t i n g s  was im proved 
from  37 p e rc e n t  when c u t t in g s  w ere p la n te d  by th e  s ta n d a rd  m ethod in  
u n d is tu rb e d  s o i l  ( i . e .  i n  a l - s q . - i n c h  c r o s s - s e c t i o n  h o le )  to  83 
p e rc e n t  when p la n te d  16 in c h e s  deep i n  th e  s o i l  m ixed i n  h o le s  o f  18 
in c h e s  i n  d ia m e te r  and 3 f e e t  d eep . The s u r v iv a l  o f  4 0 - in c h - lo n g  
c u t t in g s  re a ch e d  a maximum o f 92 p e rc e n t when th e  c u t t i n g s  w ere p la n te d  
36 in c h e s  deep  i n  1 4 - in c h -d ia m e te r  h o le s .
4 .  C u tt in g s  p la n te d  in  th e  s o i l  m ixed in  h o le s  o f  9 in c h e s  in  
d ia m e te r  and 3 f e e t  deep w ith  th e  s u r fa c e  s o i l  c u l t i v a t e d  by bedd ing  
and m ulched w ith  2 - f o o t- s q u a r e  lam in a ted  K r a f t - p a p e r  pads had 61 
p e rc e n t  s u r v iv a l  in  a  seaso n  o f  s e v e re  d ro u g h t (£Mb = -1 9 .5  in c h e s )  
on a d ry  s i t e  and 100 p e rc e n t s u r v iv a l  on a n  in h e r e n t ly  m o is t s i t e ,  
w h ile  c u t t i n g s  p la n te d  by th e  s ta n d a rd  m ethod d id  n o t s u rv iv e  on e i t h e r  
o f  th e s e  s i t e s .
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5 . The annual v a r ia t io n  in  f ir s t -y e a r  su rv iva l o f cottonwood
c u t t i n g s  p la n te d  by i d e n t i c a l  t r e a tm e n ts  was d i r e c t l y  r e l a t e d  t o
adjusted  season a l m oisture balance (fMb). C uttings planted by the
s ta n d a rd  m ethod su rv iv e d  s a t i s f a c t o r i l y  (7 3 .8  p e rc e n t)  o n ly  d u r in g  a
0
sea so n  w ith  an  e x c e ss  o f  m o is tu re  (£Mb = 15 in c h e s )  above th e  lo n g - te rm  
s e a s o n a l  a v e ra g e .
6 . An accurate p red ic tio n  o f  su rv iva l in  a southern Louisiana  
cottonwood p la n ta tio n  at the end o f  the r o ta tio n , even for such a 
short one as 12 to  15 years (fo r  pulpwood and sawtim ber), i s  d i f f i ­
c u lt  because o f the unpredictable frequency and in te n s ity  o f hurricanes  
in  t h is  reg ion .
7 . F ir s t-y e a r  height growth o f cottonwood planted in  undisturbed  
s o i l  in  the 1961 p la n ta tio n  was s ig n if ic a n t ly  dependent on depth o f  
p la n tin g , length  o f cu ttin g  above the ground, and on in te r a c t io n  between 
th ese  two fa c to r s . The e f f e c t  o f  length  o f  cu ttin g  above the ground
on t r e e  grow th  d e c re a se d  w ith  an  in c re a s e  o f  p la n t in g  d e p th . D i f f e r ­
e n ce s  among f i r s t - y e a r  h e ig h ts  o f  t r e e s  grown from c u t t in g s  p la n te d  5 
f e e t  deep  w ith  d i f f e r e n t  le n g th s  o f  c u t t in g  above th e  ground w ere 
i n s i g n i f i c a n t .  However, p r e d ic te d  h e ig h ts  o f  th e s e  t r e e s  w ere s i g n i f i ­
c a n t l y  t a l l e r  th a n  th e  h e ig h t  o f  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod .
On th e  o th e r  hand , no s i g n i f i c a n t  e f f e c t  o f  p la n t in g  d e p th  was found on 
g ro w th  o f  c u t t in g s  w ith  2 f e e t  o f  le n g th  above th e  g ro u n d . The b e s t  
h e ig h t  g row th  was o b ta in e d  from 6 .3 3 - f o o t- lo n g  c u t t in g s  p la n te d  1 .33  
f e e t  d eep .
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8 . L ength  o f  c u t t i n g  above th e  ground was th e  o n ly  f a c t o r  whose 
e f f e c t  l a s t e d  th ro u g h  th e  s e v e n -y e a r  p e r io d ,  b e in g  h ig h ly  s i g n i f i c a n t  a t  
th e  b e g in n in g  o f  th e  p e r io d  and w ith  d e c l in in g  s ig n i f i c a n c e  by th e  end 
o f  th e  p e r io d .  T h is  was p a r t l y  b ecau se  t r e e  grow th in  h e ig h t  d u r in g  th e  
s e v e n -y e a r  p e r io d  was p r o p o r t io n a l  to  th e  le n g th  o f  l i v e  c u t t i n g  above 
th e  g ro u n d , w hich  was r e l a t e d  to  th e  i n i t i a l  le n g th  o f  c u t t i n g  above 
th e  ground (r -  0 .6 8 ) .  The v a r i a t i o n  in  t r e e  h e ig h t  a t  d i f f e r e n t  ages
was dep en d en t on th e  ag e  and  le n g th  o f  l i v e  c u t t i n g  above th e  ground
2 2 (R = 0 .8 8 8 ) ,  o r  on a g e  and f i r s t - y e a r . t r e e  h e ig h t  (R = 0 .9 1 2 ) .
9 . C u tt in g s  p la n te d  1 .3 3  f e e t  deep w ith  5 f e e t  le n g th  above th e  
g round , i n  s p i t e  o f  o n ly  5 6 .8  p e rc e n t  f i r s t - y e a r  s u r v iv a l  (53 p e rc e n t  
s u r v iv a l  a f t e r  7 y e a r s ) ,  p ro d u ced  1990 c u b ic  f e e t  o f  t o t a l  tre e -v o lu m e  
o .b .  p e r  a c r e  a t  age s e v e n , compared w ith  1125 c u b ic  f e e t  p roduced  by 
c u t t in g s  p la n te d  by th e  s ta n d a rd  m ethod, w hich had  54 p e rc e n t  s u r v iv a l  
a f t e r  7 y e a r s  and 7 3 .8  p e r c e n t  s u r v iv a l  a t  th e  end o f  th e  f i r s t  y e a r .
10. T ree  g ro w th , e s p e c i a l l y  in  th e  t h i r d  y e a r  (age o f  maximum 
c u r r e n t  an n u a l g ro w th ) , was r e l a t e d  to  th e  le n g th  o f  l i v e  c u t t i n g  above 
th e  ground and t o  v a r i a t i o n s  i n  p h y s ic a l  and n u t r i t i o n a l  p r o p e r t i e s  o f 
s o i l  in  th e  p la n t in g - d e p th  p r o f i l e .  The e f f e c t  o f  l i v e  c u t t i n g  above 
th e  ground was d i r e c t l y  l i n e a r ,  and th e  e f f e c t s  o f  p h y s ic a l  and n u t r i ­
t i o n a l  p r o p e r t i e s  o f  s o i l  a s  e x p re sse d  by R^ and Rg w ere  q u a d ra t ic  and 
e x h ib i te d  c e r t a i n  o p tim a . The b e s t  t r e e  grow th was o b ta in e d  from  
c u t t in g s  w ith  th e  lo n g e s t  l i v e  le n g th  above th e  ground and p la n te d  in
s o i l  w ith  o p tim a l R and  R .p e
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11. No s in g le  optimum s o i l  r e a c t io n  was found f o r  d i f f e r e n t  s i t e s .  
Optimum hydrogen io n  a c t i v i t y  was d i r e c t l y  r e l a t e d  t o  Rp. The h ig h e r  
th e  p e rc e n ta g e  o f  a v a i l a b le  s o i l  m o is tu re  and th e  s m a lle r  th e  volume
o f  la r g e  p o re s  in  s o i l ,  th e  low er was th e  IT*' a c t i v i t y  and th e  h ig h e r  
was th e  pH. The v a lu e  o f  optimum Rp was dep en d en t on p la n t in g  method 
(d e p th  o f  p la n t in g  and le n g th  o f  c u t t i n g  above th e  g ro u n d ) . M oreover,
Rp optimum v a r ie d  w ith  t r e e  a g e . The c a lc u la te d  pH optimum fo r  sev en - 
y e a r -o ld  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod was 7 .4 4 ; f o r  t r e e s  grown 
from  c u t t in g s  p la n te d  5 f e e t  deep  optimum pH was 7 .6 8 .
12 . The r e s u l t s  o f  ex am in a tio n  o f  r e l a t i o n s h i p s  o f  t r e e  h e ig h t 
and dbh to  v a r io u s  s o i l  p r o p e r t i e s  in d ic a te d  th a t  g row th  i n  h e ig h t and 
dbh depend on d i f f e r e n t  s o i l  c o n d i t io n s .  T h re e -y e a r  h e ig h t  was th e  
b e s t  when s o i l  was composed o f  3 3 .6 ,  4 6 .2 ,  and 1 9 .0  p e rc e n t  o f  san d , 
s i l t ,  and c la y ,  r e s p e c t iv e ly ,  th e  a v a i l a b l e  w a te r  c o n s ta n t  was 23 p e r ­
c e n t by volum e, and Rp = 7 .6 7 . T h re e -y e a r  dbh was th e  b e s t  when sand 
s i l t ,  and c la y  c o n te n ts  in  s o i l  w ere 4 7 .9 ,  3 8 .6 ,  and 1 5 .9  p e r c e n t ,  
r e s p e c t iv e ly ,  th e  a v a i l a b le  w a te r  was 1 8 .3  p e rc e n t  by volum e, and
Rp = 7 .1 6 . The c a lc u la te d  optimum K l e v e l  i n  s o i l  f o r  maximum sev en - 
y e a r  h e ig h t  grow th  o f  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod was 171 ppm 
and f o r  maximum d ia m e te r  g row th  was 194 ppm. C o rresp o n d in g  o p tim a l 
l e v e l s  o f  Ca w ere 3420 ppm and 3880 ppm.
1 3 . The e a r l i e s t  e f f e c t i v e  d a ta  f o r  p r o je c t in g  t r e e  grow th  in  th e
1961 p l a n ta t io n  w ere tw o -y ea r t r e e  h e ig h t  and dbh m easu rem en ts. Seven-
y e a r  t r e e  h e ig h t and dbh in  t h i s  p l a n t a t i o n  w ere p r e d ic te d  from  tw o -y ea r
2
t r e e  h e ig h t  and dbh (R = 0 .6 5 1  and 0 .5 3 3 , r e s p e c t i v e l y ) .
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14. D iam eter and v i t a l i t y  o f  c u t t i n g  had  s i g n i f i c a n t  e f f e c t s  on 
f i r s t - y e a r  t r e e  g row th . The e f f e c t  o f  c u t t i n g  d ia m e te r  on t r e e  h e ig h t  
i n  th e  1962 p l a n t a t i o n  was q u a d ra t ic  w ith  a  v e ry  pronounced optimum.
The c a lc u la te d  optimum d ia m e te r  o f  c u t t i n g  was 1 .0 4  in c h e s .  The 
e f f e c t  o f  v i t a l i t y  o f c u t t i n g  on t r e e  grow th was d e te c te d  by exam in ing  
th e  e f f e c t  o f  s u r v iv a l  on av e rag e  t r e e  h e ig h t  by t r e a tm e n t in  th e  
1963 p l a n t a t i o n .  T ree  h e ig h t  was p r o p o r t io n a l  to  s u r v iv a l  p e r ­
c e n ta g e  r e g a r d le s s  o f  s i t e .  B oth s u r v iv a l  and grow th on an  in h e r e n t ly  
m o is t s i t e  w ere i n  a l l  t r e a tm e n ts  c o r re s p o n d in g ly  b e t t e r  th a n  on a  
d ry  s i t e .
15 . Use o f  c u t t in g s  o f  d i f f e r i n g  d ia m e te rs  and o f  d i f f e r i n g  
g e n e t ic  o r ig in s  f o r  e s t a b l i s h i n g  a  p l a n t a t i o n  r e s u l t e d  i n  a  s i g n i f i c a n t  
v a r i a t i o n  i n  f i r s t - y e a r  t r e e  h e ig h t ,  d ia m e te r ,  and t r e e  fo rm . T h is  
was found  i n  th e  1968 p l a n t a t i o n  by com paring  th e  grow th  o f  2 0 - in c h -  
lo n g  co ttonw ood c u t t in g s  w ith  c u t t in g s  o f  th r e e  e x o t ic  p o p la r s ,  w hich  
w ere  p la n te d  on a  homogeneous s i t e  and t r e a t e d  a l i k e  d u r in g  th e  w hole 
g ro w in g -se a so n .
16 . P la n t in g  c u t t in g s  i n  th e  s o i l  m ixed i n  3 - fo o t-d e e p  and 14- 
in c h -d ia m e te r  h o le s  in c re a s e d  s i g n i f i c a n t l y  th e  p e rc e n ta g e  o f  l i v e  
c u t t i n g  above th e  ground (red u ced  th e  d ie b a c k )  and in c re a s e d  h e ig h t  and 
d ia m e te r  g ro w th . T w o -y ea r-o ld  t r e e s  grown from  5 - f o o t - lo n g  c u t t in g s  
p la n te d  3 f e e t  deep in  such  h o le s  had 40 p e r c e n t  l a r g e r  dbh and w ere
20 p e rc e n t  t a l l e r  th a n  t r e e s  p la n te d  by th e  s ta n d a rd  m ethod.
17 . F i r s t - y e a r  h e ig h t  grow th o f  c u t t i n g s  p la n te d  in  th e  s o i l  mixed
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i n  9 - in c h -d ia m e te r  h o le s  was s i g n i f i c a n t l y  im proved by c u l t i v a t i o n  o f  
th e  s u r f a c e  s o i l  by bedd ing  r e g a r d le s s  o f  s i t e ,  d e p th  o f  p l a n t in g ,  and 
le n g th  o f  c u t t i n g  above th e  g ro u n d . The av erag e  in c r e a s e  i n  t r e e  
h e ig h t  was a b o u t 25 p e rc e n t  o v e r th e  h e ig h t  o f  t r e e s  grown from  c u t t in g s  
w hich  d id  n o t r e c e iv e  c u l t i v a t i o n  by b ed d in g .
18 . T w e n ty -in c h -lo n g  c u t t in g s  p la n te d  16 in c h e s  d eep  d id  n o t 
re sp o n d  t o  m ix ing  th e  s o i l  i n  3 - fo o t-d e e p  h o le s  o f  e i t h e r  9 - ,  1 4 - , 
o r  1 8 - in c h  d ia m e te r ,  w hereas 4 0 - in c h - lo n g  c u t t in g s  p la n te d  36 in c h e s  
deep  in c re a s e d  grow th  p r o p o r t io n a l ly  t o  th e  c ro s s  s e c t io n  o f  p la n t in g  
h o le .  O n e -y e a r-o ld  t r e e s  grown from 4 0 - in c h - lo n g  c u t t i n g s  p la n te d  in  
1 8 - in c h -d ia m e te r  h o le s  w ere 73 p e rc e n t  t a l l e r  th a n  t r e e s  p la n te d  by th e  
s ta n d a rd  method i n  u n d is tu rb e d  s o i l .
19 . The d im en sio n  o f  th e  ro o t  sy stem , th e  e x te n t  and d i s t r i b u t i o n  
o f  l a t e r a l  r o o t s ,  and th e  amount o f  a b s o r p t iv e  r o o ts  v a r i e d  w ith  
p l a n t in g  m ethod. The e x c a v a te d  ro o t  system s o f  one- and tw o -y e a r -o ld  
t r e e s  grown from c u t t in g s  p la n te d  3 f e e t  d eep , e s p e c i a l l y  i n  th e  s o i l  
m ixed i n  h o le s  14 in c h e s  in  d ia m e te r ,  w ere much l a r g e r  and more abun­
d a n t ly  d ev e lo p ed  th a n  r o o t  sy stem s o f  t r e e s  p la n te d  by th e  s ta n d a rd  
m ethod i n  u n d is tu rb e d  s o i l .
2 0 . Based on a sy n th es is  o f  inform ation provided by other r e ­
sea rch ers , that mycorrhizae are found in  s o i l s  w ith  pH below 6 , and 
cottonwood grows s a t is fa c to r y  a t  pH above 6 and th r iv e s  b est in  m ild ly  
a lk a lin e  s o i l s ,  the author has in ferred  that m ycorrhizal fungi are o f  
l i t t l e  s i lv ic u l t u r a l  importance for cottonwood.
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Conclusions
The r e s u l t s  o f  t h i s  s tu d y  p l a in ly  su p p o r t th e  h y p o th e s is  t h a t  th e  
e f f e c t s  o f  d i f f e r e n t  c u t t in g  s i z e s ,  d i f f e r e n t  p l a n t in g  m ethods, d i f f e r ­
e n t  s i l v i c u l t u r a l  t r e a tm e n ts ,  and d i f f e r e n t  s o i l  p r o p e r t i e s  a re  
r e f l e c t e d  in  th e  s u r v iv a l  and i n  th e  su b se q u e n t g row th  o f  cottonw ood 
t r e e s .
The r e s u l t s  o f  th e  1961-1968 e x p e r im en ts  i n d i c a t e  t h a t  f i r s t - y e a r  
s u r v iv a l  o f  cottonw ood depends s i g n i f i c a n t l y  on p la n t in g  d e p th , le n g th  
o f  c u t t i n g  above th e  g ro u n d , method o f  s o i l  c u l t i v a t i o n ,  p h y s ic a l  p ro p ­
e r t i e s  o f  s o i l ,  in c id e n c e  o f  l e a f  b e e t l e s ,  c o m p e t i t io n  ( e s p e c i a l l y  
from  v i n e s ) ,  and on c l im a t ic  c o n d i t io n s  d u r in g  th e  f i r s t  grow ing 
s e a s o n . T ree  g row th  i s  dep en d en t on d ia m e te r  and v i t a l i t y  o f  c u t t i n g ,  
g e n e t i c  m ake-up o f  p la n t in g  s to c k ,  p la n t in g  d e p th ,  le n g th  o f  c u t t in g  
above th e  g ro u n d , m ethod o f  s o i l  c u l t i v a t i o n ,  and th e  pH, p h y s ic a l ,  
and n u t r i t i o n a l  p r o p e r t i e s  o f  th e  s o i l .
P la n t in g  long  c u t t in g s  a t  a  d e p th  a d ju s te d  f o r  th e  t e x tu r e  o f  s o i l  
can  e x te n d  th e  ran g e  o f  s a t i s f a c t o r y  c o n d i t io n s  ( c o n d i t io n s  w hich a re  
a s  good o r b e t t e r  th a n  th e  b e s t  c o n d i t io n s  f o r  th e  s ta n d a rd  m ethod o f  
p l a n t in g )  to  s i t e s  w hich a r e  c o n s id e re d  p o o r o r  ev en  u n p ro d u c tiv e  fo r  
p l a n t in g  cottonw ood by th e  s ta n d a rd  m ethod (san d y  b o tto m lan d  s o i l s  and 
th e  s o i l s  w ith  c la y  c o n te n t  a b o u t 30 p e r c e n t ) .  T re e s  grown from  long 
c u t t i n g s  p la n te d  in  sandy s o i l  a t t a i n  n e a r ly  th e  same a v e ra g e  h e ig h t  a s  
t r e e s  p la n te d  by th e  s ta n d a rd  method on th e  b e s t  s i t e .  I n  s o i l s  w ith  
c la y  c o n te n t  o f  a b o u t 25 p e rc e n t  th e  a v e ra g e  dbh o f  t r e e s  grown from  
lo n g  c u t t i n g s  i s  e q u a l to  th e  s ta n d a rd .
247
S u rv iv a l  and grow th o f  co ttonw ood can  be im proved s i g n i f i c a n t l y  
r e g a r d le s s  o f  s i t e  and c l im a t ic  c o n d i t io n s  by deep  p la n t in g  o f  long  
c u t t i n g s  in  s o i l  mixed in  h o le s ,  by b ed d in g  th e  s u r f a c e  s o i l ,  and by 
s p re a d in g  a m ulch on th e  bedded s o i l  a ro u n d  a  p la n te d  c u t t i n g .
For b e t t e r  s u r v iv a l  and g ro w th , p la n t in g  d e p th  and d ia m e te r  o f  th e  
p la n t in g  h o le  sh o u ld  be a d ju s te d  f o r  th e  t e x tu r e  o f  s o i l .  P la n t in g  
c u t t i n g s  3 f e e t  deep o r  d eep e r i n  h o le s  w ith  a d ia m e te r  n o t l a r g e r  
th a n  9 in c h e s  sh o u ld  be done i n  a  san d y  s o i l ,  w h ereas  h o le s  14 to  18 
in c h e s  in  d ia m e te r  and a b o u t 2 f e e t  deep  sh o u ld  be a p p l ie d  in  s o i l  
w ith  20 t o  30 p e rc e n t  c la y  c o n te n t .  P la n t in g  h o le s  2 t o  3 f e e t  deep  
and 14 in c h e s  i n  d ia m e te r  sh o u ld  be u sed  i n  a  m ed iu m -tex tu red  s o i l .  
L eng th  o f  c u t t in g  above th e  ground  sh o u ld  n o t  be s h o r t e r  th a n  2 f e e t .  
T h is  le n g th  can  be ex ten d ed  up to  5 f e e t  i n  s o i l  w ith  c la y  c o n te n t 
above 20  p e rc e n t w ith  b e n e f i t  t o  b o th  s u r v iv a l  an d  t r e e  g ro w th .
B edding  o f  th e  s u r f a c e  s o i l  a lo n g  p l a n t i n g  rows and th e  s p re a d in g  o f  
m ulch sh o u ld  be done a s  soon a s  p o s s ib le  a f t e r  te r m in a t in g  p la n t in g  
o p e r a t io n s .  Only c u t t in g s  o f  u n ifo rm  s i z e  (from  0 .7 5  t o  1 .25  in c h e s  
i n  d ia m e te r  a t  th e  b a se ) and r i g i d l y  g ra d e d  f o r  v i t a l i t y  sho u ld  be 
u s e d .  The u se  o f  ran d o m -size  c u t t i n g s  may r e s u l t  i n  c o n s id e ra b le  f i r s t -  
y e a r  m o r t a l i t y  and in  a red u ced  number o f  m e rc h a n ta b le - s iz e  t r e e s  a t  
th e  end o f  a  r o t a t i o n .  F req u e n t p e s t  c o n t r o l  and  p e r io d ic  c o n t r o l  o f  
v in e s  sh o u ld  be o b l ig a to r y .
C o n s id e ra tio n  sh o u ld  be g iv e n  t o  b o th  p h y s ic a l  and ch em ica l (pH 
in c lu d e d )  p r o p e r t i e s  o f  s o i l  i n  s e l e c t i o n  o f  a s i t e  f o r  co ttonw ood , 
b e ca u se  knowledge o f  o n ly  one ty p e  o f  s o i l  p r o p e r ty  i s  i n s u f f i c i e n t .
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The a p p l i c a t io n  o f im proved methods o f  p la n t in g  opens a  f u r t h e r  
p o s s i b i l i t y  f o r  s h o r te n in g  th e  r o t a t i o n  and f o r  in c r e a s e s  in  y i e ld  
and q u a l i ty  o f  t im b e r .
The r e s u l t s  o f  t h i s  s tu d y  have p ro v id e d  s t r o n g  e v id e n c e  t h a t  th e  
s ta n d a rd  method o f  p l a n t in g  sho u ld  n o t be  c o n s id e re d  a s  th e  u n iv e r s a l  
m ethod f o r  e s ta b l is h m e n t  o f  cottonw ood p la n t a t i o n s  i n  b o tto m la n d s  o f  
th e  Lower M is s i s s ip p i  V a l le y .
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Table 33. Physical properties of soil in the 1961 plantation
S o i l  S o i l  T e x tu ra l  f r a c t io n ^ ./ S o i l  W ilt in g  A v a ila b le  F ie ld  B ulk  S o i l  p o re s  P e rc o -
p i t  d e p th  Sand S i l t  C lay  t e x tu r e ^ ' p o in t  m o is tu re  c a p a c i ty  d e n s i ty  L arge Sm all T o ta l  l a t i o n
Feet ---------- Percent -  Percent --------------------- s /c c ------------- Percent ------------- I n ./h r .
0 - 1 5 7 .5 2 5 .0 17.5 SL 8 .1 0 2 3 .5 0 3 1 .6 0 1 .38 7 .9 0 39 .88 4 7 .7 8 0 .163
1 - 2 9 0 .0 4 .5 5 .5 S 2 .4 0 3 .3 3 5 .7 3 1 .43 18 .2 0 2 7 .7 0 4 5 .9 0 1 .2 3 0
2 - 3 8 6 .3 5 .0 8 .7 LS 3 .5 3 5 .7 1 9 .2 4 1.38 2 6 .4 0 2 1 .4 0 4 7 .8 0 4 .972
3 - 4 8 6 .3 7 .0 6 .7 LS 3 .1 3 6 .2 4 9 .37 1.46 18 .0 0 2 6 .6 8 4 4 .6 8 1.872
4 - 5 7 5 .0 16 .2 8 .8 SL 3 .82 10 .28 14 .1 0 1 .4 0 9 .6 0 37 .45 47 .05 0 .218
0 - 1 4 8 .8 36 .2 1 5 .0 L 7.12 2 1 .6 1 2 8 .7 3 1 .46 6 .5 0 38 .28 4 4 .7 8 0 .042
1 - 2 8 0 .0 11 .0 9 .0 SL 3 .8 2 10.02 13 .84 1 .36 10.20 38 .39 4 8 .5 9 0 .281
2 - 3 8 3 .8 7 .4 8 .8 LS 3 .5 3 9 .5 1 13 .04 1 .4 4 10 .00 3 5 .7 0 4 5 .7 0 0 .863
;3 - 4 7 1 .2 1 8 .3 10 .5 SL 4 .0 4 11 .38 14.42 1 .47 4 .7 0 3 9 .8 4 4 4 .5 4 0 .129
4 - 5 5 8 .8 30 .5 10 .7 SL 4 .1 1 12.42 16 .53 1 .37 2 .7 0 4 5 .4 0 4 8 .1 0 0 .0 5 0
0 — 1 2 7 .5 5 2 .5 2 0 .0 SiL 8 .4 3 2 5 .6 7 3 4 .1 0 1 .4 4 4 .0 0 4 1 .4 0 4 5 .4 0 0 .0 1 4
1 - 2 5 7 .5 3 0 .0 12 .5 SL 5 .2 8 13 .11 18 .39 1 .39 7 .1 0 4 0 .3 0 4 7 .4 0 0.115
2 - 3 4 8 .8 3 8 .7 12.5 L 5 .4 4 .1 6 .0 3 2 1 .4 7 1 .47 4 .1 0 4 0 .2 0 4 4 .3 0 0 .147
3 - 4 3 5 .0 4 8 .8 16.2 S iL 7 .2 1 2 3 .6 1 30 .82 1 .43 4 .1 0 4 1 .9 0 4 6 .0 0 0 .1 9 0
4 - 5 3 6 .0 4 8 .3 1 5 .7 SiL 6 .8 9 2 2 ,9 1 2 9 .8 0 1 .3 8 2 .8 0 4 5 .0 0 4 7 .8 0 0 .141
0 - 1 2 6 .0 5 2 .8 21 .2 SiL 8 .5 8 2 4 .8 5 33 .43 1 .48 2 .7 0 4 1 .1 0 4 3 .8 0 0.106
1 - 2 3 1 .0 5 0 .2 18 .8 SiL 7 .37 21 .6 7 2 9 .0 4 1.45 3 .6 0 4 1 .8 0 4 5 .4 0 0 .379
2 - 3 22 .5 5 3 .5 2 4 .0 SiL 9 .1 8 26 .82 3 6 .0 0 1 .43 4 .4 0 4 1 .6 0 4 6 .0 0 0 .125
3 - 4 3 0 .0 5 2 .0 1 8 .0 SiL 7 .4 0 2 2 .8 4 3 0 .2 4 1 .39 4 .6 0 4 2 .7 0 4 7 .3 0 0.032
4 - 5 1 4 .0 4 9 .0 3 7 .0 SiCL 14.52 23 .55 38 .07 1 .52 6 .3 0 3 6 .2 0 4 2 .5 0 0.046
C lay  below  0 .002  mm i n  d ia m e te r , s i l t  0 .002  -  0 .0 5  mm,sand 0 .0 5  -  2 .0  mm. 














DEPTH OF SOIL STRATUM, f e e t
F ig u re  4 6 . D i s t r i b u t io n  o f  p o re s  i n  d i f f e r e n t  s o i l  s t r a t a  in  
fo u r  (1 -4 )  sam pling  p i t s  i n  th e  1961 p l a n t a t i o n .








CLAY, p e rc e n t
50
4 7 . R e la t io n s h ip  betw een w i l t in g  p o in t  and  c la y  c o n te n t  
i n  s o i l  sam ples from  th e  1961 p l a n t a t i o n .
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SAJfD (P e rc e n t)  \
FIELD CAPACITY (P e rc e n t)
F ig u re  48 . R e la t io n s h ip s  betw een s o i l - m o is tu r e  c o n s ta n ts  and te x tu r e  
o f  s o i l  sam ples from  th e  1961 p l a n t a t i o n  ( c f .  C u r l in  1960). 
The c i r c l e s  (o) in d ic a te  th e  c o o rd in a te s  o f  t e x t u r a l  s o i l  
f r a c t i o n s  and s o i l - w a te r  c o n s ta n ts  in  20 sam p les .
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Table 34. Soil textures in the 1962, 1963, and 1964 plantations
P it  S o il  depth Textural fra c tio n  S o il
Sand S i l t C lay te x tu re
No. F e e t P e rc e n t----
1962 P la n ta t i o n
5 0 - 1 70 .3 18 .1 11.6 SL
1 - 2 6 2 .0 2 3 .2 1 4 .8 SL
2 - 3 7 7 .0 1 2 .4 10.6 SL
6 0 - 1 6 0 .0 2 2 .6 1 7 .4 SL
1 - 2 5 3 .2 3 1 .8 1 5 .0 SL
2 - 3 6 2 .5 2 6 .1 11 .4 SL
7 0 - 1 5 1 .5 3 4 .9 13 .6 SL
1 - 2 4 7 .4 4 0 .9 11 .7 L
2 - 3 5 5 .1 2 7 .0 17 .9 SL
8 0 - 1 5 5 .0 2 6 .3 18 .7 SL
1 - 2 3 5 .0 38 .2 2 6 .8 L
2 - 3 5 8 .1 2 6 .5 15 .4 SL
9 0 - 1 2 3 .5 4 9 .2 2 7 .3 SiL
1 - 2 2 6 .0 5 1 .3 2 2 .7 SiL
2 - 3 3 2 .8 4 6 .0 21 .2 L
10 0 - 1 14 .5 5 1 .5 3 4 .0 SiCL
1 - 2 17 .2 5 3 .0 2 9 .8 SiCL
2 - 3 2 4 .9 4 8 .0 2 7 .1 CL
1963 P l a n ta t i o n
11 0 - 1 7 6 .1 1 6 .9 7 .0 SL
1 - 2 81 .2 1 0 .4 8 .4 LS
2 - 3 8 9 .0 6 .2 4 .8 S
12 0 - 1 8 6 .1 6 .3 7 .6 LS
1 - 2 8 5 .0 7 .1 7 .9 LS
2 - 3 9 0 .0 4 .9 5 .1 S
13 0 - 1 2 0 .5 5 2 .8 2 6 .7 SiL
1 - 2 2 1 .8 4 7 .2 3 1 .0 CL
2 - 3 1 8 .0 4 9 .1 3 2 .9 SiCL
1964 P la n ta t io n
14 0 - 1 6 1 .3 22 .6 16 .1 SiL
1 - 2 5 0 .2 3 1 .0 18 .8 CL
2 - 3 5 7 .0 2 8 .6 1 4 .4 SiCL
15 0 - 1 5 3 .4 2 7 .9 18 .7 SL
1 - 2 4 3 .0 35 .2 2 1 .8 L
2 - 3 5 9 .7 2 9 .9 1 0 .4 SL
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Table 35. Chemical status of soil in the 1961 plantation
S o i l S o i l S o i l Hydrogen io n E x t r a c ta b le  io n s
p i t d e p th r e a c t io n a c t i v i t y P K Ca Mg
No. F ee t 10 * \ n o l e s / l i t e r ------ v£tm z..............
1 0 - 1 7 .4 3 .981 200 155 3530 1000+
1 - 2 7 .6 2 .512 195 125 3280 1000
2 - 3 7 .8 1.585 159 90 2580 1000
3 - 4 7 .7 1.995 144 75 2120 1000
4 - 5 7 .9 1.259 137 75 2540 1000
2 0 - 1 7 .4 3 .981 171 190 3630 1000
1 - 2 7 .6  . 2 .512 171 145 3430 1000
2 - 3 7 .7 1.995 168 115 3330 1000
3 - 4 8 . 0 1 .000 161 90 3280 1000
4 - 5 7 .9 1.259 178 115 4 0 0 0 f 1000
3 0 - 1 7 .4 3 .981 183 230 3580 1000
1 - 2 7 .6 2 .512 200 155 3280 1000+
2 - 3 7 .7 1.995 220 110 2850 1000
3 - 4 7 .8 1.585 215 130 4000+ 1000
4 - 5 7 .8 1.585 222 140 4000+ 1000
4 0 - 1 7 .3 5 .012 224 265 3880 962
1 - 2 7 .6 2 .512 212 175 3680 1000
2 - 3 7 .8 1 .585 200 145 3940 1000
3 - 4 7 .9 1 .259 224 155 4000+ 1000
4 - 5 7 .9 1 .259 224 155 4000+ 1000+
i
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Table 36. Chemical status of soil in the 1962 plantation
S o i l
p i t
S o i l
d e p th
S o i l
r e a c t io n
Hydrogen io n  
a c t i v i t y  ]P
E x t r a c ta b le  io n s  
K Ca Mg
No. F e e t £ S
-8
10 m o le s / l i t e r - ■PPtn------------
5 0 - 1 7 .5 3 .162 205 150 2900 1000+
1 - 2 7 .7 1 .995 198 145 3330 1000+
2 - 3 7 .8 1 .585 188 135 . 3630 1000+
6 0 _ 1 7 .3 5 .0 1 2 259 235 3530 lOOOf
1 - 2 7 .6 2 .5 1 2 229 215 3380 lOOOf
2 - 3 7 .7 1 .995 229 220 3630 lOOOf
7 0 _ 1 7 .3 5 .0 1 2 210 200 3380 lOOOf
1 - 2 7 .5 3 .162 215 150 3280 lOOOf
2 - 3 7 .7 2 .512 188 105 2800 10001-
8 0 _ 1 7 .4 3 .9 8 1 195 190 3480 1000+
1 - 2 7 .5 3 .162 205 155 2580 lOOOf
2 - 3 7 .6 2 .5 1 2 203 115 2360 lOOOf
9 0 1 7 .6 2 .5 1 2 166 165 4 0 0 0 f lOOOf
1 - 2 7 .9 1 .259 195 135 4000+ 1000+
2 - 3 7 .8 1 .585 188 135 4000+ lOOOf
10 0 _ 1 7 .7 1 .995 142 185 4000+ 1000+
1 - 2 8 . 0 1.000 154 135 4000+ 1000+
2 3 7 .8 1.585 176 145 4000+ lOOOf
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Table 37. Chemical status of soil in the 1963 plantation
S o i l
p i t
S o i l
d ep th
S o i l  Hydrogen io n  
r e a c t io n  a c t i v i t y P
E x t r a c ta b le  io n s  
K Ca Mg
No. F ee t £S
-810 m o l e s / l i t e r •ppm............... .
11 0 - 1 7 .6 2 .5 1 2 176 145 3830 1000+
1 2 7 .9 1 .2 5 9 171 115 4000 1000+
2 - 3 7 .9 1 .259 166 90 3680 lOOOf
12 0 - 1 7 .7 1 .995 176 105 2800 1000+
1 - 2 7 .8 1 .585 156 100 3330 1000+
2 - 3 7 .9 1 .259 166 80 2950 1000+
13 0 - 1 7 .7 1 .995 190 175 4000+ 1000+
1 - 2 7 .8 1 .585 200 145 3330 1000+
2 - 3 7 .9 1 .259 171 135 4000+ 1000+
T ab le 38 . Chem ical s t a t u s o f  s o i l  i n  th e 1964 p l a n t a t i o n
S o i l
p i t
S o i l
d ep th
S o i l
r e a c t io n
H ydrogen io n  
a c t i v i t y P
E x t r a c ta b le  io n s  
K Ca Mg
No. F ee t pH 10”® m o le s / l i te r •PPm............... .
14 0 - 1 7 .4 3 .981 195 230 3680 1000+
1 - 2 7 .5 2 .162 181 185 3780 1000+
2 - 3 7 .7 1 .995 176 140 .3000 1000+
15 0 - 1 7 .5 2 .1 6 2 207 190 3430 1000+
1 - 2 7 .7 1 .995 185 135 3000 1000+
2 - 3 7 .8 1 .585 171 100 2670 1000+
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COMMERCE SERIES
The Commerce s e r i e s  i s  a member o f  a f i n e - s i l t y ,  m ixed , non­
a c id ,  th e rm ic  fa m ily  o f  A e r ie  F lu v e n tic  H a p laq u e p ts , They have n e a r ly  
u n ifo rm  g ra y is h  brown c o lo r s  from th e  s u r fa c e  downward, medium a c id  to  
a lk a l in e  r e a c t i o n ,  and medium to  m o d e ra te ly  f in e  te x tu r e  th ro u g h o u t . 
T e x tu re s  o f  th e  A h o r iz o n  a re  v e ry  f in e  sandy loam , s i l t  loam , loam , 
s i l t y  c la y  loam , and c la y  loam . The B h o r iz o n  h as  weak t o  m odera te  
su b a n g u la r  b lo ck y  s t r u c t u r e  and la c k  s t r a t i f i c a t i o n  i n d i c a t i v e  o f  v e ry  
r e c e n t  d e p o s i t s .  The C h o r iz o n  i s  w eakly  c a lc a re o u s  i n  some p la c e s .  
They have formed from  f a i r l y  r e c e n t  a lk a l in e  M is s i s s ip p i  R iv e r a llu v iu m  
o f  mixed m in e ra lo g y . The s o i l s  have s u f f i c i e n t  age to  have form ed 
s t r u c tu r e  in  th e  B h o r iz o n , and t y p i c a l l y  th e y  have pH v a lu e s  t h a t  
in c r e a s e  w ith  d e p th .
The Commerce s o i l s  a r e  on n e a r ly  le v e l  f lo o d  p la in s  on f l a t  o r  
s l i g h t l y  convex s lo p e s  o f  ab o u t 0 .5  to  3 p e r c e n t .  M ost a r e a s  a r e  p r o ­
t e c t e d  by le v e e s .  These s o i l s  a r e  somewhat p o o r ly  d r a in e d .  S u rfa c e  
ru n o f f  i s  medium to  s lo w . P e rm e a b il i ty  i s  m o d e ra te ly  s lo w . The su p p ly  
o f  m o is tu re  i s  a d eq u a te  f o r  p la n t s  in  m ost y e a r s .
The p r in c ip a l a sso c ia ted  s o i l s  are o f u su a lly  adjacent 
R o b in so n v ilie , Tunica, Mhoon, and Sharkey s e r ie s .
The r e p r e s e n ta t i v e  p r o f i l e  o f  Commerce s i l t  loam i n  th e  1961 
p l a n t a t i o n  i s  d e s c r ib e d  below .
COMMERCE SILT LOAM
L ocation :
V eg eta tio n :
Topography;
W est F e l ic ia n a  P a r i s h ,  L o u is ia n a . Township 4S; Range 2W; 
S e c tio n  4 9 . F o re s t  la n d s  o f  S t .  F r a n c i s v i l l e  P aper 
Company. Cottonwood p l a n t a t i o n  1961; s o i l  sam p lin g  p i t  #4.
Cottonwood p l a n t a t i o n .  U n t i l  1961 an  abandoned c o t to n  
f i e l d .
L e v e l. A l t i tu d e  40 f e e t .
Drainage and p erm ea b ility : Moderately to  poorly drained. Perm eability
c i s  m oderately slow in  the upper part o f the  
solum and slow in  the lower p art.
Parent M a ter ia l; M iss is s ip p i alluvium .
Horizon Depth D escrip tion
Ap 0-6" Dark grayish-brown (10YR 4 /2 )  s i l t  loam; m oderate,
medium and f i n e ,  g r a n u la r  s t r u c t u r e ;  f r i a b l e ;  
s l i g h t l y  a l k a l i n e ;  a b r u p t ,  sm ooth bou n d ary .
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Horizon Depth Description
A12 6 -14" G ray ish -b ro w n  (10YR 5 /2 )  s i l t  loam w ith  common,
medium, d i s t i n c t ,  da rk -b ro w n  (10YR 4 /3 )  m o t t le s ;  
m assiv e  to  w eak, p l a t y  s t r u c t u r e ;  f r i a b l e ;  common 
worm c a s t s ;  few , s o f t ,  b la c k  c o n c r e t io n s ;  s l i g h t l y  
a l k a l i n e ;  c l e a r ,  sm ooth bou n d ary . •
B2 14-20" Grayish-brown (10YR 5 /2 )  s i l t  loam w ith  common,
medium and c o a r s e ,  d i s t i n c t ,  d a rk  y e llo w ish -b ro w n  
(10YR 4 /4 )  m o t t l e s ;  m ass iv e  to  w eak, medium, sub - 
a n g u la r  b lo c k y  s t r u c t u r e ;  s l i g h t l y  a l k a l i n e ;  g r a ­
d u a l ,  sm ooth b o u n d ary .
B3g 2 0 -3 4 " ' Gray (10YR 5 /1 )  s i l t  loam w ith  grayish-brown
(10YR 5 /2 )  and brown (10YR 5 /3 )  m o t t l e s ;  weak, 
medium, su b a n g u la r  b lo c k y  s t r u c t u r e ;  s l i g h t l y  
a l k a l i n e ;  f r i a b l e ;  few b la c k  c o n c r e t io n s ;  c l e a r  
sm ooth b o u n d ary .
Clg 34-44" G ray (10YR 5 /1 )  s i l t  loam w ith  d a rk  y e l lo w is h -
brown (10YR 4 /4 )  m o t t l e s ;  m assive  to  w eak, medium 
su b a n g u la r  b lo c k y  s t r u c t u r e ;  f r i a b l e ;  s l i g h t l y  
a l k a l i n e ;  c l e a r ,  sm ooth b o u n d ary .
C2g 44-5411 Gray (10YR 5 /1 )  s i l t  c la y  w ith  common, medium
and c o a r s e ,  d i s t i n c t ,  d a rk  y e llo w ish -b ro w n  
(10YR 4 /4 )  m o t t l e s ;  few le n s e s ,  t o  3 in c h e s  
t h i c k ,  o f  s i l t y  c la y  loam , m ass iv e  t o  w eak, 
medium, su b a n g u la r  b lo c k y  s t r u c t u r e ;  f r i a b l e ;  
s l i g h t l y  a l k a l i n e .
ROBINSONVILLE SERIES
The R o b in s o n v il le  s e r i e s  i s  a member o f  th e  c o a rse - lo a m y , m ixed , 
n o n a c id , th e rm ic  fa m ily  o f  T yp ic  U d if lu v e n ts .  These s o i l s  have d a rk  
g r a y is h  brown A h o r iz o n s  and brown loamy s t r a t i f i e d  C h o r iz o n s .
The R o b in s o n v il le  s e r i e s  c o n s i s t s  o f  w e l l  d ra in e d  s o i l s  t h a t  
form ed m ed iu m -tex tu red  sed im en ts  d e p o s i te d  by th e  M is s i s s ip p i  R iv e r .  The 
A h o r iz o n  i s  s i l t  loam , v e ry  f in e  sandy  loam , f in e  sandy  loam o r loam.
The C h o riz o n  i s  s t r a t a  o f  s i l t  loam , loam , f in e  sandy  loam , loamy v e ry , 
f in e  san d , o r  loamy f in e  s a n d . R e a c tio n  i n  a l l  h o r iz o n s  ra n g e s  from  
a l i g h t l y  a c id  to  m o d e ra te ly  a l k a l i n e .
These s o i l s  a r e  on n a t u r a l  le v e e s  o f  f lo o d  p la in s  and a re  
n e a r ly  l e v e l  to  g e n t ly  s lo p in g .  They a r e  w e l l  d r a in e d .  R unoff i s  slow  
t o  medium. P e rm e a b i l i ty  i s  m o d e ra te ly  r a p id .
These s o i l s  a r e  a s s o c ia te d  w ith  C rev asse  and Commerce s o i l s .
They a r e  f i n e r  te x tu r e d  th a n  th e  C rev asse  s o i l s .  They a r e  b e t t e r  
d ra in e d  th a n  th e  Commerce s o i l s  and a r e  m o ttle d  a t  g r e a t e r  d e p th s .
The o r i g i n a l  f o r e s t  c o v e r  c o n s is te d  o f  co ttonw ood , sycam ore, 
p e c a n , sweetgum, A m erican e lm , and b o x e ld e r ,  and a  d en se  u n derg row th  o f  
v i n e s .
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The r e p r e s e n ta t iv e  p r o f i l e  o f  R o b in s o n v il le  v e ry  f in e  sandy 
loam i n  th e  1962 p l a n t a t i o n  ( s i t e  B2 ; s o i l  sam p ling  p i t  #8 ) i s  
d e s c r ib e d  below .
ROBINSONVILLE VERY FINE SANDY LOAM
L o c a t io n : W est F e l ic ia n a  P a r i s h ,  L o u is ia n a .  Township 4S; Range 2W;
S e c tio n  4 8 . F o re s t  la n d s  o f  Crown Z e l le rb a c h  C o rp o ra tio n . 
Cottonwood p l a n t a t i o n  1962; s i t e  B2 ; s o i l  sam pling  p i t  #8 .
V e g e ta t io n : Cottonwood p l a n t a t i o n ;  u n t i l  1962 an  abandoned c o t to n
f i e l d .
T opography: L e v e l. A l t i tu d e  40 f e e t .
Drainage and p erm ea b ility : W ell drained . Runoff medium. P erm eability
m o d era te  t o  m o d e ra te ly  r a p id .
Parent M a ter ia l; M iss iss ip p i a lluvium .
D escrip tion
D ark-brow n (10YR 4 /3 )  v e ry  f in e  sandy  loam ;, w eak, 
f i n e ,  g r a n u la r  s t r u c t u r e ;  lo o s e  when d r y ,  v e ry  
f r i a b l e  when m o is t ;  num erous g r a s s  r o o t s ;  
a l k a l i n e ;  a b ru p t  sm ooth b o u n d ary .
Brown (10YR 5 /3 )  v e ry  f in e  sandy  loam ; s t r a t i f i e d ;  
lo o se  when d r y ,  v e ry  f r i a b l e  when m o is t ;  num erous 
g r a s s  r o o t s ;  few o ld  t r e e - r o o t  c h a n n e ls ;  s l i g h t l y  
a l k a l i n e ;  c l e a r  sm ooth b o u n d ary .
Y ellow ish -b row n  (10YR 6 /3 )  v e ry  f in e  sandy  loam; 
s t r a t i f i e d ;  lo o s e  when d r y ,  v e ry  f r i a b l e  when 
m o is t ,  many f in e  g r a s s  r o o t s ;  m o d e ra te ly  a l k a l i n e ;  
a b ru p t  sm ooth b o u n d ary .
P a le -b ro w n  (10YR 6 /3 )  v e ry  f in e  sandy  loam; 
s t r a t i f i e d ;  lo o s e  when d r y ,  v e ry  f r i a b l e  when 
m o is t ;  few f in e  g r a s s  r o o t s ;  o ld  t r e e - r o o t  
c h a n n e ls ;  m o d e ra te ly  a l k a l i n e .
CREVASSE SERIES
The C rev asse  s e r i e s  i s  a  member o f  th e  m ixed , th e rm ic  fa m ily  
o f  T yp ic  U dipsam m ents. T y p ic a l ly  th e s e  s o i l s  a r e  g r a y is h  brown sand
H o rizo n  D epth 
Ap 0 -6 "




th ro u g h o u t th e  10- to  4 0 - in c h  c o n t r o l  s e c t io n .  T hese  s o i l s  w ere l a id  
down by v e ry  f a s t  moving w a te r ,  and th e y  o c cu r n e a r  o ld  le v e e  b re a k s  
a lo n g  th e  M is s is s ip p i  R iv e r .  T e x tu re  o f  th e  A h o r iz o n  i s  s a n d , loamy 
sa n d , o r  sandy  loam . The C h o r iz o n  i s  sand o r loamy sand  and la c k s  
s t r a t a  o f  f i n e r  m a te r i a l s .  S o i l  r e a c t io n  ra n g e s  from  medium a c id  to  
m o d e ra te ly  a l k a l i n e ,  and th e  s o i l  i s  c a lc a re o u s  i n  some p l a c e s .  C revasse  
s o i l s  a r e  on n e a r ly  le v e l  to  g e n t ly  s lo p in g  f lo o d  p l a in s  h a v in g  s lo p e s  
o f  0 t o  5 p e r c e n t .  They a r e  e x c e s s iv e ly  d r a in e d .  R u n o ff i s  slow  and 
p e rm e a b i l i ty  i s  r a p id .  These s o i l s  f lo o d  i n  some p l a c e s .  The w a te r  
t a b l e  i s  below  40 in c h e s .  The p r in c ip a l  a s s o c ia te d  s o i l s  a r e  o f  
B eu lah , B runo, R o b in s o n v i l le ,  and th e  .Commerce s e r i e s .  The Commerce 
s o i l s  a r e  n o t a s  w e ll  d ra in e d  and have f i n e r  t e x t u r e .
The r e p r e s e n ta t i v e  p r o f i l e  o f  C rev asse  loam y sand  s o i l  i n  th e  
1963 p l a n t a t i o n  ( s i t e  C^, s o i l  sam pling  p i t  #12) i s  d e s c r ib e d  below .
CREVASSE LOAMY SAND
L o c a t io n : W est F e l ic ia n a  P a r i s h ,  L o u is ia n a . S e c t io n  48 -  f o r e s t  lan d s
o f  Crown Z e lle rb a c h  C o rp o ra tio n . Cottonw ood p l a n t a t i o n  1963, 
s i t e  Cj_, s o i l  sam pling  p i t  #12.
V e g e ta t io n : Cottonwood p l a n ta t io n  w ith  a d en se  g i a n t  rag w eed , u n t i l
1963 an  abandoned c o t to n  f i e l d .
T opography; N e a rly  l e v e l  (0-1% s lo p e ) ;  a l t i t u d e  45 f e e t .
Drainage and P erm eab ility ; E x cessiv e ly  drained. M oderately permeable
i n  th e  u p p e r p a r t  o f  th e  solum  and r a p id ly  
in  th e  low er p a r t .
P a re n t M a te r i a l : M is s i s s ip p i  a llu v iu m .
• H orizon  D epth D e s c r ip t io n
A1 0 -8 "  G ray ish -b row n (10YR 5 /2 )  loamy san d ; w eak,
g r a n u la r  s t r u c tu r e ;  v e ry  f r i a b l e ;  num erous g r a in s  
o f  c l e a r  q u a r tz  c r y s t a l s ;  m i ld ly  a l k a l i n e ;  
g ra d u a l  smooth boundary .
AC 8 -20" P a le  brown (10YR 6 /3 )  loamy sa n d ; s in g le  g r a in ;
lo o s e ;  m o d e ra te ly  a l k a l i n e ;  d i f f u s e ,  i r r e g u l a r  
b oundary .
C 2 0 -4 0 "  P a le  brown san d ; s in g le  g r a in ;  lo o s e ;  num erous
g r a in s  o f  c l e a r  q u a r tz  c r y s t a l s ;  m o d e ra te ly  
a l k a l i n e .
APPENDIX B 
TABLES OF ANALYSES OF VARIANCE
I n  a l l  th e  t a b l e s  th e  fo llo w in g  n o ta t io n s  a r e  u sed :
** = S ig n i f i c a n t  a t  th e  0 .01  l e v e l  o f  p r o b a b i l i t y .  
*  = S ig n i f i c a n t  a t  th e  0 .05  le v e l  o f  p r o b a b i l i t y .
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Table 39. Analysis of variance of first-year survival in the 1961
plantation
Source d . f . Mean sq u a re
T otal
Blocks
Depth o f p lan tin g  (C^)




Length o f cu ttin g  above 
the ground (C^)
R egr. lin ea r
Regr. quadratic
Regr. cubic







































Table 40. Analysis of variance of first-year survival in the 1962
plantation (site B-̂ )
Source d . f . Mean sq u a re F
T o ta l 239
B locks 9 0 .331 1 .578
Deep c u l t i v a t i o n  o f  s o i l  
i n  h o le  (Q) 1 0 .3 9 3 1 .873
D epth o f  p la n t in g  (C^) 1 4 .8 9 2 23 .316**
L eng th  o f  c u t t in g  above 
th e  ground (C^) 1 1 .356 6 .462*
F e r t i l i z e r  (E) 2 0 .582 2 .7 7 7
I n t e r a c t i o n  (Q) x  (Cd ) 1 0 .1 3 9 0 .663
I n t e r a c t i o n  (Q) x  (C^) 1 0 .1 5 0 0 .716
I n t e r a c t i o n  (Q) x (E) 2 0 .2 8 3 1 .351
I n t e r a c t i o n  (C^) x (Cjj) 1 1 .1 7 1 5 .5 8 2 *
I n t e r a c t i o n  (C^) x (E) 2 0 .2 4 7 1 .179
I n t e r a c t i o n  (C^) x (E) 2 0 .0 7 9 0 .3 8 0
E r ro r 216 0 .2 0 9
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Table 41. Analysis of variance of first-year survival in the 1962
plantation (site I^)
Source d . f .  Mean sq u a re  F
T o ta l 239
B locks 9 0 .1 2 3 0.537
Deep c u l t i v a t i o n  o f  s o i l  
in  h o le  (Q) 1 1 .3 7 8 6 .018*
D epth o f  p la n t in g  (C j) 1 0 .596 2 .6 0 4
L eng th  o f  c u t t i n g  above 
th e  ground  (C^) 1 0 .272 1 .1 9 0
F e r t i l i z e r  (E) 2 0 .7 0 1 3 .0 6 4
I n t e r a c t i o n  (Q) x  (C^) 1 0 .442 1 .930
I n t e r a c t i o n  (Q) x  (C^) 1 0 .0 0 6 0.025
I n t e r a c t i o n  (Q) x  (E) 2 0 .9 1 1 3 .979*
I n t e r a c t i o n  (C<j) x  (C^) 1 1 .472 6 .429*
I n t e r a c t i o n  (C^) x  (E) 2 0 .3 0 8 1 .343
I n t e r a c t i o n  (C^) x (E) 2 0 .0 1 3 0 .055
E r ro r 216 c0.229
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Table 42. Analysis of variance of first-year survival in the 1962
plantation (site B^)
Source d . f . Mean sq u a re F
T o ta l 239
B locks 9 0 .5 1 5 2 .2 6 8
Deep c u l t i v a t i o n  o f  s o i l  
i n  h o le  (Q) 1 0 .0 3 5 0 .1 5 4
D epth o f  p la n t in g  (C j) 1 0 .0 4 8 0.212
L eng th  o f  c u t t i n g  above 
th e  ground (C^) 1 0 .2 5 3 1 .1 1 4
F e r t i l i z e r  (E) 2 0 .2 4 0 1 .056
I n t e r a c t i o n  (Q) x (C j) 1 .0.303 1 .3 3 4
I n t e r a c t i o n  (Q) x  (C^) 1 0 .0 0 0
I n t e r a c t i o n  (Q) x  (E) 2 0 .0 9 9 0 .4 3 8
I n t e r a c t i o n  (C^) x  (C^) 1 0 .8 1 7 3 .5 9 4
I n t e r a c t i o n  (C^) x  (E) 2 0 .6 7 3 2 .9 6 4
I n t e r a c t i o n  (C ) x  (E) 
h
2 0 .6 7 4 2 .9 6 5
E r ro r 216 0 .227
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Table 43. Analysis of variance of first-year survival in the 1963
plantation (site C^)
Source d . f . Mean sq u a re F
T o ta l 863
B locks 17 0 .2 3 0 1 .0 4
C u l t iv a t io n  by bed d in g  (B) 1 4 :7 4 0 21 .43**
E r ro r  (a ) 17 0 .221
M ulch CM) 1 0 .462 4 .3 5 *
I n t e r a c t i o n (B x M) 1 0 .0 0 4 0 .0 4
E r ro r  (b) 34 0 .106
Deep c u l t i v a t i o n  o f  s o i l
i n  h o le (Q) 1 7.782 54 .69**
I n t e r a c t i o n (B x  Q) 1 1 .1 8 5 8 .3 3 *
I n t e r a c t i o n (M x  Q) 1 0 .0 7 4 0 .52
I n te r a c t io n ( B  xM x Q) 1 0 .115 0 .8 1
E r ro r  (c ) 68 0 .142
D epth o f  p la n t in g  (Cj ) 1 2 .4 4 9 17 .49**
I n t e r a c t i o n (Q x  c d ) 1 2 .8 9 3 2 0 .6 7 * *
I n t e r a c t i o n (M x  Cd ) 1 0 .166 1 .1 9
I n t e r a c t i o n (M x  0 x  Cd ) 1 0 .0 1 8 0 .1 3
I n t e r a c t i o n (B x  Cd ) 1 0 .018 0 .1 3
I n t e r a c t i o n (B x Q x Cd ) 1 0 .0 7 4 0 .5 3
I n t e r a c t i o n (B x  M x  C ,) 1 0 .0 0 4 0 .0 3
I n t e r a c t io n (B x M x Q x  C .) 1 0 .0 0 4 0 .0 3
E r ro r  (d) Q 136 0 .1 3 9
Length  o f  c u t t i n g  above
th e  ground <Ch> 2 ' 0 .9 1 0 8 .9 4 * *
I n t e r a c t i o n (Cd * Ch> 2 0 .1 8 1 1 .7 9
I n t e r a c t i o n (Q x Ch> 2 0 .3 3 4 3 .2 8 *
I n t e r a c t i o n (Q x  Cd x ch ) 2 0 .077 0 .76
I n t e r a c t i o n (M x Ch> 2 0 .0 4 9 0 .4 8
I n t e r a c t i o n (M x  Cd x ch> 2 0 .0 1 0 0 .1 0
I n t e r a c t i o n (M x Q x °h> 2 0 .001 0 .01
I n t e r a c t i o n (M x Q x  Cd x Ch) 2 0 .035 0 .3 5
I n t e r a c t i o n (B x Ch) 2 0 .2 4 4 2 .4 1
I n t e r a c t i o n (B x  Cd x Ch ) 2 0 .2 0 9 2 .0 7I n t e r a c t i o n (B X  Q  X ch ) 2 . 0 .112 1 .11I n t e r a c t i o n (B x Q x  Cd x Ch> 2 0 .466 4 .5 7 *I n t e r a c t i o n (B x M x c h ) .  2 0 .3 5 8 3 .5 4 *
I n t e r a c t i o n (B x M x  Cd x c h ) 2 0 .015 0 .1 5
I n t e r a c t i o n (B x  M x Q x Ch> 2 0 .0 7 0 0 .6 9
I n t e r a c t i o n (B x  M x Q x  Cd x Ch) 2 0 .1 8 8 1.86E r ro r  (e ) 544 0 .101
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Table 44. Analysis of variance of first-year survival in the 1963
plantation (site C2)
Source d . f . Mean sq u are F
T o ta l 191
B locks 3 0 .6 1 4 3 .26
C u l t iv a t io n  by b ed d in g  (B) 1 0 .333 1 .77
E r ro r  (a ) 3 0 .1 8 8
M ulch (M) 1 0 .3 3 3 1 .86
I n t e r a c t i o n  (B x  M) 1 0 .1 8 7 1 .0 4
E r ro r  (b ) 6 0 .1 7 9
Deep c u l t i v a t i o n  o f  s o i l
i n  h o le  (Q) 1 0 .3 3 3 1 .5 4
I n t e r a c t i o n  (B x  Q) 1 0 .187 0 .86
I n t e r a c t i o n  (M x  Q) 1 0 .5 2 0 2 .4 1
I n t e r a c t i o n  (B x  M x  Q) 1 0 .0 8 3 0 .3 8
E r ro r  (c ) 12 0 .216
D epth o f  p la n t in g  (Cd ) 1 0 .333 1.32
I n t e r a c t i o n  (Q x  C^) 1 1.687 6 . 66**
I n t e r a c t i o n  (M x  C^) 1 0 .187 0 .7 4
I n t e r a c t i o n  (M x  Q x  C^) 1 0 .083 0 .33
I n t e r a c t i o n  (B x  C<j) 1 0 .020 0 .08
I n t e r a c t i o n  (B x  Q x  C^) 1 0 .333 1.32
I n t e r a c t i o n  (B x  M x  C^) 1 0 .0 0 0
I n t e r a c t i o n  (B x  M x Q x Cj ) 1 0 .020 0.08
E r ro r  (d) 24 0 .253
L eng th  o f  c u t t i n g
above th e  ground (Ch) 2 0 .109 0 .48
I n t e r a c t i o n  ( C j  x  CO 2 0 .3 8 0 1 .67
I n t e r a c t i o n  (Q x CO 2 0.255 1.12
I n t e r a c t i o n  (Q x  Cj  x C o 2 0.046 0 .2 0
I n t e r a c t i o n  (M x C^) 2 0.036 0.16
I n t e r a c t i o n  (M x  C,j x  C^) 2 0 .203 0 .89
I n t e r a c t i o n  (M x  Q x  C^) 2 0 .098 0 .43
I n t e r a c t i o n  (M x Q x  C^ x C^) 2 0.036 0.16
I n t e r a c t i o n  (B x C^) 2 0 .192 0 .8 4
I n t e r a c t i o n  (B x  C^ x  C^) 2 0 .255 1.12
I n t e r a c t i o n  (B x  Q x  Ch) 2 0 .4 8 4 2 .1 3
I n t e r a c t i o n  (B x Q x Cj  x CO 2 0.192 0 .84
I n t e r a c t i o n  (B x  M x  Ch) 2 0 .203 0 .89
I n t e r a c t i o n  (B x M x C^ x Ch) 2 0 .953 4 .2 0 *
I n t e r a c t i o n  (B x  M x  Q x  Ch) 2 0.036 0 .16
I n t e r a c t i o n  (B x M x Q x C4 x  Ch) 2 0 .348 1.53
. E r ro r  (e ) 96 0 .227
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Table 45. Analysis of variance of first-year shoot growth (h^-CQ) in
the 1961 plantation
Source d . f . Mean sq u a re F
T o ta l 314
B locks 23 9 .9 1 1 4 .203**
D epth o f  p la n t in g  (C j) 4 3 .6 1 8 1 .534
R e g re s s io n  l i n e a r 1 6 .2 1 0 2 .6 3 4
" q u a d r a t ic 1 5 .6 4 8 2 .3 9 5
" c u b ic 1 2 .4 5 6 1.042
" q u a r t i c 1 0 .158 0 .067
L eng th  o f  c u t t i n g  above 
th e  ground (C^) 3 31 .712 13.449**
R e g re s s io n  l i n e a r 1 8 3 .1 9 3 35 .282**
11 q u a d r a t ic 1 5 .6 4 3 2 .3 9 3
11 c u b ic 1 6 .2 9 9 2 .6 7 2
I n t e r a c t i o n  (C j x  C^) 12 3 .722 1 .579
E r ro r 272 2 .3 5 8
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Table 46. Analysis of variance of first-year tree height (h.) in the
1961 plantation
Source d . f . Mean square
Total
Blocks
Depth o f p la n tin g  (C^)
R egression  lin ea r
" quadratic
" cubic
11 q u artic
Length o f cu ttin g  above 
the ground (C^)
R egression lin e a r
11 quadratic
" cubic
















1 .3 8 1
2 .9 9 0
0 .946
0 .856
0 .7 3 3
2 4 .6 6 7
6 8 .5 6 9
0 .165
5 .2 6 9







0 .3 1 4
10 .554**
29 .338**
0 .0 7 0
2 .2 5 4
2 .477**
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Table 47. Analysis of variance of first-year tree height (h^) in the
1962 plantation
Source d . f . Mean sq u a re F
T o ta l 383
S i t e 2 8 3 .648 12.481**
B lo c k /s i t e 27 6 .7 1 0
Deep c u l t i v a t i o n  o f 
s o i l  i n  h o le  (Q) 1 2 0 .0 5 4 7 .002**
D epth o f  p la n t in g  (C^) 1 15.489 5 .4 0 9 *
L eng th  o f c u t t i n g  above 
th e  ground (C^) 1 19 .960 6 .970**
F e r t i l i z e r  (E) 2 32 .306 11.280**
I n t e r a c t i o n  (Q) x  (C^) 1 0.582 0 .203
(Q) x (Ch ) 1 1 .418 0.495
(Q) x  (E) 2 2 .5 6 0 0 .894
(Cd) X (Ch ) 1 1 .761 0 .615
(Cd ) x (E) 2 3 .4 7 8 1 .215
(Ch ) x (E) 2 3 .7 2 4 1 .3 0 0
o
C o v a r ia te  (C0 ) b - l i n e a r 1 23 .641 8 .255**
11 " b -q u a d r . 1 2 .1 9 5 0 .767
"  11 b  - c u b ic 1 1 .167 0 .408
E r ro r 336 2 .8 6 4
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Table 48. Analysis of variance of live part of cutting (CQ) in the
1962 plantation
Source d . f . Mean sq u a re F
T o ta l 381
S i t e 2 2 .0 6 2 7 .392**
B lo c k s /S i te 27 0 .279
Deep c u l t i v a t i o n  o f  s o i l  
i n  h o le  (Q) 1 2 .0 2 4 0 .942
D epth o f  p la n t in g  (Cd ) 1 0 .131 0 .6 1 1
L en g th  o f  c u t t in g  above 
th e  ground (C^) 1 72 .508 337.642**
F e r t i l i z e r  (E) 2 0 .797 3.712*
I n t e r a c t i o n  (Q x C^) 1 0 .1 1 7 0 .545
(Q x  c h ) 1 0 .2 1 8 1.017.
"  (Q x  E ) 2 0 .0 6 1 0 .2 8 7
(Cd x Ch ) 1 0 .026 0 .121
(Cd x E ) 2 0 .1 1 7 0 .546
(Ch x E ) 2 0 .2 3 6 1 .102
2C o v a r ia te 1 1 .0 3 9 4 .8 4 2 *
E r ro r 337 0 .2 1 4
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Table 49. Analysis of variance of first-year tree height (h^) in the
1964 plantation
S ource d . f . Mean sq u are F
T o ta l 319
B locks 17 1644.338 5 .2 5 * *
D iam eter o f  h o le  (H^) 3 2638.627 8 .4 3 * *
E r ro r  ( a ) 51 312.912
D epth  o f  p la n t in g  (C^) 1 27573.543 99 .25**
I n t e r a c t i o n  (H0 x  C^) 3 591.872 2 .1 3
E r ro r  (b ) 244 277 .825
T ab le  5 0 . A n a ly s is  o f  v a r ia n c e  o f  f i r s t -  
c lo n e s  i n  th e  1968 p l a n t a t i o n
■year t r e e  h e ig h t  (h ^ ) o f  fo u r
S ource d . f . Mean sq u are F
T o ta l 188
C lones 3 0.275 9 .192**
R eg r. l i n e a r  o f  c o v a r ia te 1 0 .6 1 4 20 .482**
R eg r. q u a d r . o f  c o v a r ia te  C0 t 1 0 .428 14 .273**
E r ro r 183 0 .0 3 0
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Table 51. Analysis of variance of first-year diameter at the base of
tree of four clones in the 1968 plantation
Source d . f . Mean square F
T otal 188
Clones 3 92.971 5 .655**
Regr. lin ea r o f co v a ria te C0t 1 306.375 18.636**
Regr. quadr. of co v a ria te c0t 1 195.505 11.892**
Error 183 16.439
T ab le  52 . A n a ly s is  o f  v a r ia n c e  o f  f i r s t -  
above th e  b a se  o f  t r e e  o f  fo u r  
t i o n
y e a r  d ia m e te r  a t  40 in c h e s  
c lo n e s  i n  th e  1968 p la n ta -
Source d . f . Mean sq u a re F
T o ta l 188
C lones 3 38 .197 3 .125*
R eg r. l i n e a r  o f  c o v a r ia te  Cgjt 1 225 .017 18.408**
R eg r . q u a d r . o f  c o v a r ia te  Cjjt 1 151.338 12.380**
E r ro r 183 12 .224
T ab le  5 3 . A n a ly s is  o f  v a r ia n c e  o f  f i r s t -  
above th e  b a se  o f  t r e e  o f  fo u r  
t i o n
y e a r  d ia m e te r  a t  80 in c h e s  
c lo n e s  i n  th e  1968 p la n ta -
S ource d . f . Mean sq u a re s F
T o ta l 188
C lone 3 68 .211 5 .263**
R eg r . l i n e a r  o f  c o v a r i a t e  C t̂ 1 233 .453 18.013**
R eg r. q u a d r . o f  c o v a r ia te  C0 t 1 161 .044 12.426**
E r r o r 183 12 .960
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Table 54. Analysis of variance of two-year tree height (t^) in the
1961 plantation
Source d . f . Mean sq u are F
T o ta l 314
B locks 23 123.225 16 .231**
D epth o f  p la n t in g  (C<j) 4 14.876 1 .959
R e g re s s io n  l i n e a r 1 7 .6 8 0 1.012
" q u a d ra t ic 1 19.281 2 .5 4 0
" c u b ic 1 5 .6 1 6 0 .7 4 0
M q u a r t i c 1 26 .927 3 .5 4 7
Length  o f  c u t t i n g  above 
th e  ground (C^) 3 27 .486 3 .620**
R e g re s s io n  l i n e a r 1 6 0 .8 8 1 8 .019**
" q u a d ra t ic 1 0 .169 0.022
" cu b ic 1 21 .4 0 8 2 .8 2 0
I n t e r a c t i o n  (C^ x  C^) 12 12.816 1 .688
E r ro r 272 7 .592
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Table 55. Analysis of variance of two-year dbh in the 1961 planta­
tion
Source d . f . Mean sq u a re F
T o ta l 314
B locks 23 339 .404 11.539**
D epth o f  p l a n t in g  (C^) 4 37 .474 1 .2 7 4
R e g re s s io n  l i n e a r 1 47 .068 1 .6 0 0
11 q u a d r a t ic 1 24 .575 0 .835
" c u b ic 1 2 .9 5 0 0 .100
" q u a d r a t ic 1 75 .304 2 .5 6 0
Length  o f  c u t t i n g  above 
th e  ground (C^) 3 160.077 5 .4 4 2 *
R e g re s s io n  l i n e a r 1 340.821 11.587**
" q u a d r a t ic 1 2 .3 5 9 0 .0 8 0
11 c u b ic 1 137.052 4 .6 6 0 *
I n t e r a c t i o n  (Cd x C^) 12 4 4 .425 1 .5 1 0
E r ro r 272 2 9 .413
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Table 56. Analysis of variance of second-year height increment
(h2-h^) in the 1961 plantation
Source d . f . Mean sq u a re F
T o ta l 314
B locks 23 6 5 .1 2 4 2 0 .057**
D epth o f  p la n t in g  (Cjj) 4 12 .878 3 .966**
R e g re s s io n  l i n e a r 1 0 .4 1 4 0 .128
11 q u a d r a t ic 1 2 4 .9 1 1 7 .672**
" c u b ic 1 2 .9 8 1 0 .9 1 8
” q u a r t i c 1 23 .206 7 .147**
L ength  o f  c u t t i n g  above 
th e  ground (C^) 3 2 .8 2 1 0 .8 6 9
R e g re s s io n  l i n e a r 1 0 .4 0 3 0 .1 2 4
11 q u a d r a t ic 1 0 .0 6 7 0 .021
" c u b ic 1 7 .9 9 4 2 .462
I n t e r a c t i o n  (C<j x C^) 12 3 .2 6 8 1 .007
E r ro r 272 3 .2 4 7
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Table 57. Analysis of variance of two-year tree height (h2) in the1962 plantation
Source d . f . Mean sq u a re F
T o ta l 361
S i t e 2 243 .652 4 .5 3 0 *
B lo c k s / s i t e .27 53 .775
Deep c u l t i v a t i o n  o f 
s o i l  i n  h o le  (Q) 1 36 .6 3 9 3 .6 3 9
D epth  o f  p la n t in g  (Cd ) 1 141 .704 14.074**
L eng th  o f  c u t t i n g  above 
th e  ground (C^) 1 137.591 13 .665**
F e r t i l i z e r  (E) 2 76 .0 3 4 7 .552**
I n t e r a c t i o n  (Q x Cd ) 1 4 .1 0 5 0 .4 0 8
(Q x Ch ) 1 0 .117 0.012
" (Q x E) 2 2 .*568 0 .2 5 5
<Qd x c h> 1 2 2 .0 2 8 2 .1 8 8
(Cd x E) 2 1 5 .168 1 .506
(Ch x E) 2 4 .5 5 6 0 .453
o
C o v a r ia te  b - l i n e a r 1 3 9 .707 3 .9 4 4 *
" " b -q u a d r . 1 1 .5 8 4 0 .1 5 7
" 11 b -c u b ic 1 6 .1 4 0 0 .6 1 0
E r r o r 314 10 .068
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Table 58. Analysis of variance of two-year dbh in the 1962 planta­
tion
S ource d . f .  Mean sq u a re  F
T o ta l 361
S i t e 2 1374.370 5 .4 6 5 *
B lo c k s / s i t e 27 251 .481
Deep c u l t i v a t i o n  o f  
s o i l  i n  h o le  (Q) 1 359 .517 9 .318**
D epth o f  p la n t in g  (Cd ) 1 615 .918 15 .964**
L eng th  o f  c u t t i n g  above 
th e  g round  (C^) 1 6 9 1 .624 17 .926**
F e r t i l i z e r (E) 2 351 .709 9 .116**
I n t e r a c t i o n (Q x c d ) 1 80 .2 0 4 2 .0 7 9
it (Q x  Ch ) 1 2 .8 5 2 0 .0 7 4
it (Q  x E) 2 0 .1 3 7 0 .0 0 4
ii (Cd x  Ch ) 1 16 .908 0 .4 3 8
it (Cd x  E) 2 5 5 .5 8 4 1 .441
ii (Ch x  E) 2 9 .3 6 3 0 .2 4 3
C o v a r ia te  IZq b - l i n e a r 1 156 .584 4 .0 5 8 *
ii " • b -q u a d r . 1 14 .895 0 .3 8 6
ii " b -c u b ic 1 5 3 .0 7 0 1 .375
E r ro r 314 38 .583
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Table 59. Analysis of variance of three-year tree height (h^) in the
1961 plantation




23 203 .980 16 .018**
Depth o f p la n tin g  (C^) 4 5 .729 0 .4 5 0
R egression  lin e a r 1 2 .547 0 .2 0 0
" quadratic 1 11.714 0 .9 2 0
" cubic 1 0.156 0 .012
" q u artic 1 8 .497 0 .6 6 7
Length o f cu ttin g  above 
th e ground (C^) 3 31.305 2 .4 5 8 Sign , a t
R egression  lin e a r 1 33 .493 .. 2 .6 3 8
0 .1 0  p . l  
Sign , a t
"  quadratic 1 7 .847 0 .6 1 6
0 .1 0  p . l
" cubic 1 52 .477 4 .1 2 1 *
In te r a c t io n  (C  ̂ x C^) 12 17.521 1 .376
Error 225 12.734
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T able  6 0 . A n a ly s is  o f  v a r ia n c e  o f s e v e n -y e a r  t r e e  h e ig h t  (hy) in  th e  
1961 p l a n t a t i o n
Source d . f . Mean sq u a re F
T o ta l
B locks
268
23 566 .762 7 .435**
Depth o f  p la n t in g  (C^) 4 47 .156 0 .619
R e g re s s io n  l i n e a r 1 4 .9 4 5 0 .065
11 q u a d r a t ic 1 149 .020 1 .955 S ig n , a t
" c u b ic 1 30 .019 0 .394
0 .2 5  p . l
" q u a r t i c 1 4 .6 4 0 0 .061
L ength  o f  c u t t in g  above 
th e  ground (C^) 3 169.755 2 .2 2 7 S ig n , a t
R e g re s s io n  l i n e a r 1 262 .801 3 .4 4 7
O . l O p . l  
S ig n , a t
" q u a d r a t ic 1 4 4 .0 4 9 0 .578
0 .1 0  p . l
" c u b ic 1 202 .415 2 .6 5 5
I n t e r a c t i o n  (C^ x  C^) 12 6 7 .8 7 0 0 .8 9 0
E r ro r 225 76 .231
APPENDIX C 
REGRESSION EQUATIONS
In  a l l  r e g r e s s io n  e q u a tio n s  th e  fo llo w in g  n o ta t io n s  a r e  u sed :
** = S ig n i f ic a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
*  = S ig n i f ic a n t  a t  th e  0 .05  l e v e l  o f  p r o b a b i l i t y .
The v a lu e s  o f F f o r  b - c o e f f i c i e n t s  a r e  g iv e n  a l s o .
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w ith F for c o e f f . :  b i — 3 .2 2 ; b2— 1 .7 6 ; b 3— 4 . 2 6 ;  b4 —4 . 2 6 ;  
M ultip le F = 4 .3 0 *  w ith 4 & 15 d . f . ;  R-square = 0 .5 3 4 ;
w here Tm i s  th e  p e rc e n ta g e  o f  f i r s t - y e a r  m o r t a l i t y  i n  th e  1961 
p l a n t a t i o n .
Tm = 105 - 3 1 .3  Cd -  1 7 .4  Rp +  4 .0 8  Cd2 +  0 .9 1  Rp2 + 1 .76  CdRp 
w ith  F f o r  c o e f f . :  b^— 7 .5 8 * ; b2 — 9 .6 1 * * ; b3 —5 .8 3 * ; b ^ —6 .9 4 *
b5— 6 .3 1 * ;
M u lt ip le  F = 3 .4 7 *  w ith  5 & 14 d . f . ;  R -sq u a re  = 0 .5 5 4 .
0o = -4 .1 3  + 1 .3  Ch + 0 .003  Cd2 -  0 .0047 Ch2 - 0 .0 1 4  Cd Ch 
w ith  F f o r  c o e f f . ;  b j ~  116 .87** , b2 — 1 0 .2 * * , b3~ 5 .9 7 * ,
b4 — 47 .28** ;
M u ltip le  F = 150.97** w ith  4  & 344 d . f . ;  R -sq u are  = 0 .637
(hx -  C0 ) = 4 .3 5  + 1 .247 Cd -  0 .564  Ch - 0 .162 Cd2 
+  0 .088  Ch2 -  0 .045  Cd Ch
w ith  F fo r  c o e f f . ;  b^— 7 .8 0 * * , b2—5 .0 3 * , b 3 —5 .5 8 * , •
b4 —4 .8 0 * , b5 —3 .9 1 * ;
M u lt ip le  F = 5 .9 5 * *  w ith  5 & 343 d . f . ;  R -sq u a re  = 0 .0 8  
(h], -  CQ) = 6 .1 2  -  0 .4 4  CQ
F = 44 .64**  w ith  1 & 348 d . f . ;  R -sq u a re  = 0 .1 1 4
h x = 5 .1 0  +  0 .3 5 7  Cd + 0 .828  Ch -  0 .157  Cd Ch
w ith  F for c o e f f . :  b^—6 .5 7 * , b2 --3 2 .8 6 * * , b3 --1 1 .9 2 * * ; 
M ultip le F = 17 .74** w ith 3 &345 d . f . ;  R-square = 0 .1 3 4
h x = 6 .1 3  +  0 .5 5 7  C0
F = 70 .78**  w ith  1 & 348 d . f . ;  R -sq u a re  = 0 .1 6 9
hj  ̂ = -1 .4 6  + 6 .7 8  -  1 .27  C0|j
w i th  F fo r  c o e f f . ;  b-^—8 .9 3 * * , b2—6 .4 3 * ;
M u ltip le  F = 12 .57** w ith  2 & 380 d . f . ;  R-square = 0 . 0 6 2  
where 00^ i s  in  cen tim eters.
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h x = 3 .4 9  +  0 .3 8  Cd + 0 .2 7  Ch + 1 .4 7  C0 t  (9 )
w ith  F f o r  c o e f f . :  — 9 .9 1 * * , b£—5 .2 8 * , b 3 --2 7 .1 7 * * ;
M u lt ip le  F = 12 .70** w ith  3 & 379 d . f . ;  R -sq u a re  = 0 .0 9 1 , 
w here i s  i n  c e n t i m e te r s .
h x = 3 .6 4  +  0 .04968  Tg (10)
F = 8 8 .27**  w ith  1 & 71 d . f . ;  R -sq u are  = 0 .5 5 4
h x = 4 .0 5  -  1 .25  Q + 0 .7218 (B x Q) + 0 .04735 Ts (11)
w ith  F f o r  c o e f f . :  b ^ - -1 2 .8 8 * * , b2 —2 0 .3 1 * * , b 3— 9 6 .8 2 * * ;
M u lt ip le  F = 44 .34**  w ith  3 & 69 d . f . ;  R -sq u a re  = 0 .659
w here Q -tre a tm e n t i s  coded; -Q = 1 , and +Q = 2 ,  and 
B - tre a tm e n t i s  coded ; -B = 1 , and +B = 2 .
h x = 7 .897  + 0 .08522 Ts (12)
F = 14 .35**  w ith  1 & 8 d . f . ;  R -sq u are  = 0 .642
h x = 5 .1 6  +  0 .0019  %  (13)
F = 1 .1 8 nS w ith  1 & 134 d . f . ;  R -sq u are  = 0 .0087
w here i s  f i r s t - y e a r  h e ig h t  o f  t r e e s  p la n te d  w ith  
2 0 - in c h - lo n g  c u t t in g s  16 in c h e s  d eep .
h x = 6 .3 7  +  0 .0087  %  (14)
F = 3 5 .64**  w ith  1 & 182 d . f . ;  R -sq u a re  *= 0 .1 6 4
w here i s  f i r s t - y e a r  h e ig h t  o f  t r e e s  p la n te d  w ith  
4 0 - in c h - lo n g  c u t t i n g s  3 f e e t  d eep .
F = 6 .2 4 *  w ith  1 & 39 d . f . ;  R -sq u are  « 0 .1 3 8
w here h]_ in  f e e t  i s  fo r  £ .  d e l to id e s  c l .  'M i s s i s s i p p i ' ,  
and C0 t  i s  in  in c h e s ,
h^ = 6 . 6 9  +  3 .831  00^
F *= 8 .2 2 * *  w ith  1 & 48 d . f . ;  R-square = 0 .146
w here h^ i n  f e e t  i s  f o r  P . x  e u ra m erica n a  c l .  '1 - 4 8 8 ',  
and C0 t  i s  in  in c h e s .
h x = -4 .0 6  + 34.2445 C0t  -  18 .434  C0t 2
w ith  F f o r  c o e f f . :  — 1 5 .6 8 * * , b2 — 1 1 .4 7 * * ;
M u lt ip le  F = 15.29** w ith  2 & 47 d . f . ;  R -sq u a re  = 0 .3 9 4
h^ i s  maximum when dh^/dC 0t  = b ^ - 2b2 = 0 , and i t  i s
when C0 fc = b ^ /2b2 = 34.2445 /  36 .868  = 0 .9 2 8  in c h e s ,
w here h^ i n  f e e t  i s  f o r  P . x  e u ra m erica n a  c l .  'B e l g i a n ' ,  
and C0 t  i s  i n  in c h e s ,
h x = 7 .7 5  +  2 .1 5 1  C0t 2
F = 8 .1 6 * *  w ith  1 & 46 d . f . ;  R-square = 0 .151
w here h^ i n  f e e t  i s  f o r  P . x  e u ra m e ric a n a  c l .  '1 - 2 1 4 ' ,  
and C0 t  i s  in  in c h e s .
h2 = 3 .4 3  +  2 .6 9 8  h x -  2 .9 6 2  Cd + 0 .0 3 1  Cd2 
-  0 .0076 h j 2 +  0 .012  h x Cd
w ith  F f o r  c o e f f . :  b j —4 0 .2 2 * * , b2 — 1 6 .3 9 * * , b 3 ~ -1 1 .1 4 * * ,
b4 — 9 .6 4 * * , b5 —4 .6 6 * * ;
M u lt ip le  F = 161.13** w ith  5 & 309 d . f . ;  R -sq u a re  = 0 .723
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h2 » -  3 .4 9  +  3 .413  h x -  0 .1  h x2 (20 )
w ith  F f o r  c o e f f . :  b i —5 4 .7 7 * * , b 2 - - 1 2 .2 1 * * ;
M u ltip le  F = 307.75** w ith  2 & 265 d . f . ;  R -sq u a re  = 0 .699
(h2 - h x) = 3 .2 1  + 1 .72 h x -  2 .827  Cd + 0 .0 .2 9  Cd2 (21 )
-  0 .007  t^ 2 +  0.0116 h x Cd
w ith  F f o r  c o e f f . :  b-^— 15 .3 8 * * , b2 — 1 4 .1 4 * * , b 3— 9 .5 4 * * ,
• b4 —9 .3 1 * * , b5 —4 .1 3 * ;
M ultip le F = 36 .14** w ith 5 & 309 d . f . ;  R-square = 0 .369
( h j - h j )  = 2 .1 0  +  2 .062  hj_ -  0 .0078 h ^  (22 )
w ith  F f o r  c o e f f . :  bj^—2 7 .0 0 * * , b2 — 9 .5 5 * * ;
M u ltip le  F = 79.42** w ith 2 & 312 d . f . ;  R-square = 0 .337
h = -4 .5 4  +  1 .2369 C -  0 .1918 C 2 + 9 .9 0 7 4  XX o o
+ 0 .0297 x 3 + 0.2261 Cc X (23)
w ith  F f o r  c o e f f . :  b i —6 .6 9 * * , b2 —4 .0 1 * , b3—8 7 1 .4 1 * * ,
b4— 3 0 .3 3 * * , b5 — 1 5 .5 4 * * ;
M u lt ip le  F = 2124.12** w ith  5 6c 1334 d . f . ;  R -sq u a re  = 0 .888
hx  = -3 3 .1 3  +  5 .1751  h x -  0.26312 h ^  +  11 .321  X
-0 .7 4 7 9 9  X2 + 0 .00972 X3 +  0 .43356 h x X (24 )
w ith  F f o r  c o e f f . :  b ] ~ 7 1 .4 7 * * ,  b2 —5 3 .8 6 * * , b3 — 1 6 .2 0 * * ,
b4— 1 2 .9 9 * * , b5 —4 .0 7 * , bg— 8 9 .9 4 * * ;
Multiple F = 1842.35** with 6 6c 1065 d.f.; R-square » 0.912
h2 = 5 .1 1  + 8 .0 4 8  dbh2 -  0 .795  dbh22
w ith  F f o r  c o e f f . :  b ^ - 2 7 1 .6 3 * * , b2 — 3 9 .2 0 * * ;
M u lt ip le  F = 914.91** w ith  2 & 265 d . f . ;  R -sq u are  » 0 .873
h 3 = 2 . 6 0  + 9 .367  dbh3 -  0 .601  dbh32
w ith  F f o r  c o e f f . :  b^— 1 2 2 .9 1 * * , b2 --2 7 .7 1 * * ;
a
M u lt ip le  F •- 509 .10** w ith  2 & 265 d . f . ;  R -sq u are  = 0 .793
h£ = -2 .3 8  +  12 .068  dbh£ -  0 .512 dbh 2 6 6 6
w ith  F f o r  c o e f f . :  b ^ - 9 9 .1 9 * * , b2 ~ 31 .53**
M u lt ip le  F = 401 .42**  w ith  2 & 265 d . f . ;  R -sq u are  = 0 .752
h 7 = 3 .6 9  +  9 .953  dbh7 -  0 .296  dbhy2 
w ith  F f o r  c o e f f . :  b^—6 0 .8 0 * * , b2 — 1 1 .7 0 ;
M u lt ip le  F = 429 .79**  w ith  2 & 265 d . f . ; ,  R -sq u are  = 0 .764
h6 = 3 .1 1  +  9 .519  h x -  0 .368  h x2
w ith  F f o r  c o e f f . :  b^—4 3 .6 9 * * , b2 — 1 7 .0 1 * * ;
M u lt ip le  F = 133.00** w ith  2 & 265 d . f . ;  R -sq u are  = 0 .501
h 3 = 1 .4 2  +  1 .9789 h2 -  0 .02973 h22 + 0 .06578 (h2 x  dbh2 ) 
w ith  F f o r  c o e f f . :  b^— 1 5 1 .3 5 * * , b£— 1 9 .7 9 * * , b3— 10.08**; 
M u lt ip le  F = 994.62** w ith  3 & 264 d . f . ;  R -sq u are  = 0 .919
dbh3 = 0 .2 2  +  0 .2623 h2 -  0 .0112  h22 +  0 .0687  (h2 x  dbh2 ) 
w ith  F f o r  c o e f f . :  b j —5 5 .4 3 * * , b2 — 5 8 .6 4 * * , b3> -229 .32**; 









h6 » 0 .05  + 5 .07  h2 -  0 .13559 h22 + 0 .26864  (h2 x dbh2 ) 
w ith  F f o r  c o e f f . :  b ^ - -8 8 .8 7 * * , b2 - -3 6 .8 2 * * , b^— 1 5 .04** ; 
M u lt ip le  F = 206 .16** w ith  3 & 264 d . f . ;  ' R -sq u a re  = 0 .701
dbh6 = 1 .01  + 0 .54  h2 -  0 .0253  h22 +  0 .11994  (h£ x dbh2 ) 
w ith  F for c o e f f . :  bj — 3 2 .4 9 * * , b2—41^31**, b3~ 9 6 .5 5 * * ; 
M ultip le F = 150.96** w ith  3 & 264 d . f . ;  R-square = 0 .632
h y = 6 .76  +  4 .981 h2 -  0 .1509  h22 + 0 .4335  (h2 x dbh2 ) 
w ith  F f o r  c o e f f . :  b j — 5 8 .0 8 * * , b2 ~ 3 0 .8 8 * * ,  b3~ 2 6 .5 3 * * ; 
M u lt ip le  F = 164.31** w ith  3 & 264 d . f . ;  R -sq u are  = 0 .651
dbh? = 2 .1 0  + 0.5135 h2 -  0 .02649  h22 +  0 .1325  (h2 x dbh2 ) 
w ith  F f o r  c o e f f . :  b j — 1 9 .4 4 * * , b2 —2 9 .9 6 * * , b 3— 7 8 .0 8 * * ; 
M u lt ip le  F = 100.42** w ith  3 & 264 d . f . ;  R -sq u a re  = 0 .533
V = 7 .123  -  0.15486 h? + 0 .002984  ( d b h /  x hy) 
w ith  F f o r  c o e f f . :  b ^ - 1 0 .8 5 * * , bg— 9 4 .1 5 * * ;
M u ltip le  F = 167.18** w ith  2 & 17 d . f . ;  R-square = 0.952
V o 7 .7 4  -  0.32339 hy + 0.043517 (dbhy x  hy)
c
w ith  F f o r  c o e f f . :  b ^—2 7 .9 4 * * , b2 — 1 0 1 .4 4 * * ;
M u ltip le  F = 178.80** w ith  2 & 17 d . f . ;  R-square = 0.955
V = 0 .853  +  0.0020424 (dbhy2 x hy)
F = 209.05** w ith  1 & 18 d . f . ;  R-square « 0.921
V «= -1 .6 8 8  + 0.17068 dbhy2










w ith  F f o r  c o e f f . :  b j — 115 .44** , b2 ~ 4 0 1 .8 7 * * ;
M ultip le F = 607 .17** w ith 2 & 17 d . f . ;  R-square = 0.986
V = -8 .8 6 3  +  0 .2691 hy
F = 38 .94** w ith  1 & 18 d . f . ;  R-square = 0 .6 8 4  
Ts7 = 8 .1 6  +  0 .726 Ts2
F = 38 .28** w ith  1 & 18 d . f . ;  R-square = 0 .6 8
Vt  = -3 5 .5 2  + 18.799 V
F = 32 .23**  w ith  1 & 18 d . f . ;  R-square = 0 .6 4
h ? = 57 .22  +  4 .472  lo g  Ch
F = 9 .29**  w ith  1 & 266 d . f . ;  R -sq u a re  = 0 .0 3 4
Where hy and a r e  f o r  a l l  t r e e s  i n  th e  1961 p l a n t a t i o n .
dbhy = 6 .9 3  + 0 .51  lo g  Ch
F = 502* w ith  1 & 266 d . f . ;  R -sq u a re  = 0 .0 1 9
Where dbhy and a r e  f o r  a l l  t r e e s  i n  th e  1961 p l a n t a t i o n .
V = 6 .5 7 9  + 1 .048 log
F = 3 .4 0 ns w ith  1 & 266 d . f . ;  R -sq u a re  = 0 .0 1 3
Where V and a re  f o r  a l l  t r e e s  i n  th e  1961 p l a n t a t i o n .
hy =56.23 + 5 .3777 lo g  Ch
F = 6 .8 7 * *  w ith  1 & 159 d . f . ;  R -sq u a re  = 0 .0 4 1
Where hy  and Ch a r e  f o r  t r e e s  p la n te d  3 , 4 ,  and 5 f e e t
deep  in  th e  1961 p l a n t a t i o n .
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dbh7 = 6 .8 1  + 0 .6957 lo g  Ch (48 )
F = 5 .3 8 *  w ith  1 & 159 d . f . ;  R -sq u are  «= 0 .033
Where dbhy and a re  f o r  t r e e s  p la n te d  3 , 4 ,  and 
5 f e e t  deep in  th e  1961 p l a n t a t i o n .
V = 6 .3 0 1  +  1 .499  lo g  Ch (49 )
F = 3 .8 9 *  w ith  1 & 159 d . f . ;  R -sq u are  = 0 .024
Where V and a re  f o r  t r e e s  p la n te d  3 , 4 , and 
5 f e e t  deep i n  th e  1961 p l a n t a t i o n .
h 3 = 22 .5 5  +  0 .777  CQ + 0.2677 (S) -  0 .00398 (S ) 2 (50 )
F f o r  c o e f f . :  b j - - 1 5 .8 8 * * , b2~  17 .03** , b3~ 32 .2 5 * * ;
M u lt ip le  F = 44 .25**  w ith  3 & 305 d . f . ;  R -sq u a re  = 0 .3 0 3
b2 0 .26770
h 0 i s  maximum when (S) = -----  = —  — = 3 3 .6  p e rc e n t
3 2b3 0 .00796
h3 = 16 .85  +  0 .832 Co + 0.5086 (S i)  - 0 .0055 ( S i ) 2 (5 1 )
F f o r  c o e f f . :  b i — 1 8 .1 3 , b 2 —3 .5 5 * * , b 3— 19 .6 1 * * ;
M u lt ip le  F = 43 .26**  w ith  3 & 305 d . f . ;  R -sq u a re  = 0 .298
b2 0 .5086
h 3 i s  maximum when ( S i )  = - j g — = q~q ^ 5  = ^ 6 .2  p e rc e n t
h 3 = 15 .5 9  +  0 .8313 CQ +  0 .9 4 4  (C) -  0 .02485 (C) 2 (5 2 )
F f o r  c o e f f . :  b1— 1 6 .1 9 * * , b2 —4 8 .5 1 * * , b3—3 5 .2 3 * * ;
M u lt ip le  F = 30 .4488  w ith  3 & 305 d . f . ;  R-square = 0 .2 3 0
b2 0 .9440
ho i s  maximum when (C) = ■ ■ ■ — =   —  = 1 9 .0  p e rc e n t
3 2b3 0 .0499
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dbh3 = 2 .3 5  +  0 .1382  Cq +  0 .0470  (S) -  0 .00049 (S ) 2 (5 3 )
F f o r  c o e f f . :  b ] - - 1 3 .2 3 * * , b2 — 1 3 .8 4 * * , b 3~  19 .85** ;
M u lt ip le  F = 1 9 .00**  w ith  3 & 305 d . f . ;  R -sq u are  = 0 .157
b„ 0 .04700
dbhq i s  maximum when (S ) = — 4 - =  -----  ■ 47 .9  p e rc e n t
3 2b3 0 .00098
dbh3 = 2 .1 1  +  0 .1 4 8  CQ +  0 .06348 ( S i)  -  0.000822 ( S i ) 2 (5 4 )
F f o r  c o e f f . :  ^ - - 1 5 .0 3 * * ,  b2 — 1 4 .4 7 * * , b 3— 9 .3 3 * * ;
M u lt ip le  F = 1 7 .00**  w ith  3 & 305 d . f . ;  R -sq u are  = 0 .144
b2 0 .06348
dbh3 i s  maximum when ( S i )  = = 0~00164 = ^8 .6  p e rc e n t
dbh3 = 2 .0 5  +  0 .1 4 3  CQ + 0 .10671 (C) - 0 .003355 (C)2 (5 5 )
F f o r  c o e f f . :  b ^ - 1 3 .3 4 * * , b2 ~ 1 7 .2 5 * * , b 3— 17.77**;
M u lt ip le  F = 1 3 .6 0 * *  w ith  3 & 305 d . f . ;  R -sq u are  = 0 . 1 1 8
b 2 0 .10671
dbh3 i s  maximum when (C) = = 0**00671 = p e rc e n t
h 3 = 1 4 .7 8  +  0 .7 4 7  CQ + 1 .009  (AW) - 0 .0194  (AW) 2 (56 )
F f o r  c o e f f . :  b ^ — 1 4 .0 8 * * , b2 —6 0 .0 6 * * , b 3--3 8 .3 7 * * ;
M u lt ip le  F = 4 0 .7 5 * *  w ith  3 & 305 d . f . ;  R -sq u are  = 0 .286 •
b2 1 .00908 '
ho i s  maximum when (AW) = — — = = 2 3 . 0  p e rc e n t by volume
■3 Zbg 0 i04380
dbh3 = 1 .8 4  +  0 .1 3 1  CQ +  0 .1 3 0 4  (AW) - 0 .00356 (AW) 2 (5 7 )
F f o r  c o e f f . :  b j — 1 1 .5 9 * * , b2—2 6 .8 1 * * , b 3—21.3 5 * * ;
M u lt ip le  F = 1 7 .7 4 * *  w ith  3 & 305 d . f . ;  R -sq u are  = 0 .149
b2 0 .13040
dbh3 i s  maximum when (AW) = -y g -  = q- qq^j^  -  18 .3  p e rc e n t  by volum e
3
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h 3 -  11 .5 7  +  1 .0423 Cd + 0.5646 CQ + 5 .2657  Rp
-  0 .263  Cj Rp -  0 .3201 Rp2 (58 ) 
w ith  F f o r  c o e f f . :  b-^—4 .9 3 * , b2 — 9 .0 6 * * , b 3—8 6 .1 8 * * ,
b4 — 11 .8 1 * * , b5 — 9 9 .0 8 * * ;
M u lt ip le  F = 41 .92**  w ith  5 & 262 d . f . ;  R -sq u a re  = 0 .4 4 4
dbh- = 1 .36  +  0 .1915 C, +  0 .7478 R -  0 .0492  C, R 3 d p d p
+ 0 .0151  CQ Rp -  0 .0478  Rp2 (59 )
w ith  F f o r  c o e f f . :  b ^ - 3 .9 1 * , b2 —4 1 .2 5 * * , b3~ 9 .6 9 * * ,
M u lt ip le  F = 15 .88** w ith  5 & 262 d . f . ;  R -sq u a re  = 0 .2 3 3
h x = 5 .3 5  + 0 .6436 Rp + 0 .0726 CQ Rp -  0 .0529  Rp2 (60 )
w ith  F f o r  c o e f f . :  b^— 3 3 .4 2 * * , b 2 --6 0 .4 0 * * , b3 - - 3 5 .4 7 ;
M u l t ip le  F = 4 0 .42**  w ith  3 & 264 d . f . ;  R -sq u a re  = 0 .315
h2 = 8 .6 9  +  2 .9 9 1 7  Rp -  0 .09449 Cd Rp
+0.0676  CQ Rp -  0 .1972 Rp2 (61 )
w ith  F f o r  c o e f f . :  b^— 1 0 7 .02** , — 13.90**
b3— 1 2 .1 6 * * , b4 — 9 6 .0 5 * * ;
M u lt ip le  F = 4 5 .36**  w ith  4 & 263 d . f . ;  R -sq u a re  = 0 .4 0 8
h£ = 3 5 .1 5  +  6 .5 7 2  R + 0 .2173  C, R , -  0 .3711  C, R6 p d a  d p
-  0 .3476  CQ Rd +  0 .4739 CQ Rp -  0 .4283  Rp2 (6 2 )
w i th  F f o r  c o e f f . :  b^— 8 1 .6 3 * * , b^—4 .2 2 * , b ^ —6 .7 0 * * ,
b4 — 4 .6 1 * , b5 — 7 .2 6 * * , b g — 7 0 .4 0 * * ;
Multiple F « 25.59** with 6 & 261 d.f.; R-square » 0.370
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hy = 39 .42  +  7 .3421  Rp + 0 .3663  Cd CQ
-  0.2166- Cd Rp -  0 .4699 Rp2 (63 )
w ith  F f o r  c o e f f . :  b ^ - - 7 5 .7 8 * * ,b 2 - - 7 .8 6 * * ,
b3- - 7 .7 2 * * ,  b4 —6 2 .3 2 * * ;
M u lt ip le  F « 29 .26**  w ith  4 & 263 d . f . ;  R -sq u a re  = 0 .3 0 8
dbh2 = 0 .5 8 4  +  0 .461  Rp -  0 .0152 Cd Rp
+ 0 .0147 C0 Rp -  0 .0317 Rp2 (64)
w ith  F f o r  c o e f f . ;  b j — 6 4 .9 7 * * , b2— 9 .1 8 * * ,
b3- -1 4 .7 3 * * , b4—6 3 .6 3 * * ;
M u lt ip le  F 2 8 .16**  w ith  4 & 263 d . f . ;  R -sq u a re  = 0 .3 0 0
dbh6 = 4 .7 0  +  0 .5989  Rp + 0 .02426 CQ Rp -  0 .045197  Rp2 (65)
w ith  F f o r  c o e f f . :  b ^ - 3 0 .9 5 * * , b2 - - 7 .5 8 * * ,  b3 » -2 9 .0 8 * * ;
M u lt ip le  F = 15 .75** w ith  3 & 264 d . f . ;  R -sq u a re  = 0 .152
dbhy = 5 .5 5  +  0 .5497  Rp + 0 .0239  CQ Rp -  0 .04185 Rp2 ( 66)
w i th  F f o r  c o e f f . :  bj  — 2 0 .8 7 * * , b2 —5 .9 0 * , b 3— 2 0 .0 0 * * ;
M u lt ip le  F = 10 .90**  w ith  3 & 264 d . f . ;  R -sq u a re  = - .1 1 0
h ,  = -5 8 .9 7  +  0 .9 3  C +  3876.7795 R +  11 .7 2 4  R +  102 .22  C, Ra 7 o e p a  e
-  1 .1565  Cd Rp -  44939.96 Re 2 -  0 .5899  Rp2 (67 )
w ith  F f o r  c o e f f . :  ^ — 5 .1 7 * , b2 —5 .0 5 * , b 3— 2 3 .8 4 * * ,
b4 —6 .2 4 * , b5 — 1 0 .68* * , bg— 6 .2 0 *  
by—2 8 .7 4 * * ;
Multiple F = 17.64** with 7 & 260 d.f.; R-square = 0.322
309
h 7 m -2 4 4 .2 8  + 3 .322  K +  2 0 .2 8  Cd + 0.276 Cd CQ -  0 .1 1 6 6  Cd K
-  0 .009229 K2 -  7 .667 Rp + 181.898 Rg Rp (68j
w i th  F f o r  c o e f f . :  — 4 8 .7 1 * * , b2 —’2 0 .3 7 * * , b 8 — 4 .3 9 * ,
b ^ — 1 4 .8 8 * * , b5 —38 .5 4 * * , b g —5 .4 9 * , 
b^—7.88**;
M u ltip le  F = 21 .54**  w ith  7 & 259 d . f . ;  R -sq u a re  = 0 . 3 6 8
dbh7 = -  16 .35  +  0 .2334  K +  2 .0576  Cd +  0 .02356 CQ Rp
-  0 .000558 K2 -  0.01226 K Cd (69)
w i th  F f o r  c o e f f . :  b ^— 1 6 .4 7 * * , b£—7 .6 0 * * , b 8— 5 .8 8 * ,
b4 — 1 6 .5 7 * * , b5—7 .3 8 * * ;
M u lt ip le  F = 7 .54**  w ith  5 & 261 d . f . ;  R -sq u a re  = 0 .1 2 6
h6 = 66 .7  -  4 .2 2  Cd +  0 .272  Cd CQ + 0 .405 Cd Rp
-  0.54& Rp2 +  2 .1 8 7 9  Rp H+ -  2 .6 3 5  H+  (70)
w i th  F f o r  c o e f f . :  b 2 ~ -1 3 .8 7 * * , b£—5 .6 6 * , bg— 1 4 .2 6 * * ,
b4 — 4 6 .8 1 * * , b5—5 0 .3 4 * * , b g — 1 5 .3 7 * * ;
M u lt ip le  F = 26 .19**  w ith  6 & 261 d . f . ;  R -sq u a re  = 0 .3 7 6 . 
hg i s  maximum when dhg/dH+ = 0 
dhg/dH 1* = 2 .1 8 7 9  Rp -  2 2 .6 3 5  H+
th u s  hg i s  maximum when Hi* = 2 = 0 .4151  R-,.
^  2 x  2 .635 T* T*
• ft
w here H* i s  i n  10 m o l e s / l i t e r .
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h 7 -  6 7 .5 9  -  4 .0 2  Cd +  0 .427  Cd Rp -  0 .578  Rp2 
+  2 .3 1 2 3  Rp H+ -  0.5783 H+ 
w ith  F f o r  c o e f f . :  b j - - 1 2 .4 2 * * , b 2 --1 5 .7 1 * * , b 3 --5 2 .4 8 * * ,
b4 —5 6 .8 8 * * , b5— 17.01** ;
M u lt ip le  F = 2 9 .7 7 * *  w ith  5 & 262 d . f , ;  R -sq u are  = 0 .362 
hy i s  maximum when dhy/dH+ = 0 
dhy/dlT1* = 2 .3 1 2 3  Rp -  2 2 .7 8 4  H+
th u s  h 7 i s  maximum when H+= 2 .3123  » = 0.4152 R_
' 2 x  2 .7 8 4  T  T
■*8w here H+ i s  i n  10 m o l e s / l i t e r .
V = 0 .2217  +  0 .001999 (hy x dbhy2 )
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